508 R 


THE 
NEW 


TEMPERATURE OR PRESSURE 


CONTROLLER 


Can solve 
control problen 
—and sa\ 


Available in two types — adjustable proportional response or fixed 
high response. Proportional control with adjustable band width 
between 1°% to 30° easily adjusted by calibrated perspex knob. 
Indicated control point. 


Scale graduated in both British and metric units covering limits 
between 0 to 1000 F and 0 to 1500 p.s.i. 


Temperature actuation by mercury or vapour thermal system. 
Pressure by bronze, alloy or stainless steel Bourdon spring. Die-cast 
aluminium Hammer-Grey Baked Enamel Case 11}” wide by 8?” 
high overall. 


t len Z Full details on request 
- e 
aylor Cont old imited Hale End Road,Walthamstow, London, E.17. Tel: Larkswood 3371-6 


A subsidiary of the Taylor Instrument Companies, Rochester, N.Y., U.S.A. 
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ete’ 


every 
type of 
movement 


for scientific 


instruments 








No. 503 M 
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Meters POINTERS 










Electric clocks DIFFERENTIALS 


Telephones 









PINIONS 
Time switches bg 
SPINDLES 1 
Recorder clocks t 
WORMS } 





Gauge movements 









Synchronous motors WHEELS 





Measuring instruments ESCAPEMENTS 


Prepayments 





COMMUTATORS 





Relays 





The British Sonceboz Co. Ltd. 


VICTORIA ROAD - SOUTH RUISLIP - MIDDX. Tel.: RUISLIP 5590 & 3128 



















In association with 


SOCIETE INDUSTRIELLE DE SONCEBOZ, S.A. SWITZERLAND 


ony Carlo Caglioni Société Industrielle de Sonceboz, S.A., Ufficio di Milano, Via Mac. Melloni 70, Milano 
Alina Corporation, 122 East Second Street, Mineola, L.I., N.Y 
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~ 940 SCALE Instruments 


for switchboard 
mounting 


si 


» Design permits ‘on site’ modifications or 
maintenance to either the moving coil or 
the dynamometer movement without 


disturbance of the original accuracy. 


* Models are available for direct wire 


remote indication. 


Instruments in this range are of an advanced 


240° scale moving iron ammeter 


design incorporating many features including 
platform type scales. The movements are 
robust in consiruction and have a high torque/ 
weight ratio. Low burden types are available 
for miniaturised control panel installations, 
with associated interposing voltage- and 


current-transformers. 


Specifications: 


These Instruments comply with B.S.89-1954 
Industrial Grade and other International 
Specifications. 





Literature available on request to: 
The ENGLISH ELECTRIC Company Ltd., 
Instrument Department, Stafford 


ENGLISH ELECTRIC 


Tat ENGLISH ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C.2 





240° scale dynamometer wattmeter 








Meter, Relay and Instrument Division, Stafford 
PRESTON 


INS, 47 


WORKS: STAFFORD RUGBY y PRADFORD . LIVERPOOL * ACCRINGTON 
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not this... 


We believe that Automatic Control and Instrumentation— 
intelligently applied—will increase output and reduc 

working costs. The Automatic Control division of CJB 
specialises in the application of instruments to Process 
industries. 








CONSTRUCTORS JOHN BROWN LIMITED 


ROXBY PLACE, FULHAM, LONDON sS.W. 6 
Telephone: FULham 776! 
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PILOT POLICY 


is to give the best 


Service possible. These 


are not empty words. 


ae dal tae SWALLOW RD., COVENTRY 
TEL. 87341 /2 


_— 
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the latest recorder offers: 





* Direct writing but with galvanometer sensitivity and 
frequency response 






















* Up to 36 recording channels 


Ultra Violet 
7 21 paper speeds 0-05”/sec. to 120”/sec. 


(all selectable by electrical switch — or 
Recorder remote operation) 





Type 1 1 8 3) > 5 speed timer (speeds automatically selected). Timing 


lines across full width of paper 
¥ Recording paper any width up to 12”; capacity 200 ft 


es Trace identification, six datum lines and event 
channel are standard fitments 


e Recording frequencies D.C. to 5000 c/s 


7 Deflections up to 12” with our low frequency 
galvanometer 


> Direct recording from thermocouples and strain 
gauges is possible without amplifiers, up to 250 c/s 


6 Dimensions only 19” x 16” x 17” 





Some representative galvanometer sensitivities (mA/cm) 


BB. 30 0.0008 
BB. 130A 0.0026 
BB. 160A 0.0045 
BB. 250A 0.0085 
BB. 500A 0.04 
BB. 3000A 4.0 
BB. 5000A 10.0 





New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND INDUSTRIAL INSTRUMENTS ] 





Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.1.D. approved 










Head office and works: 360 Kennington Rd London SEI1_ RELiance 5161 
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The heart 
of the 














system 








it 


For measuring flow, pressure or 



















displacement there is no sensing device 
like the differential transformer used 

in Autronic transmitters. Simple, robust, 
with no moving parts or delicate 
‘components to be affected by shock or 


corrosion in hazardous positions, it 


iS 


ee ee eed wenmnnasttinds 


provides exact electrical gauging of small 


mechanical movements with infinite 





resolution and high performance, 


it has low impedance with linear signal 





output, and it can add, subtract or 


average signals .. . 


. . . just one example of the outstanding advantages 


of the Swartwout Autronic Control systems 








THE SWARTWOUT COMPANY LIMITED 


CENTURY WORKS, LEWISHAM, S.E.13 


A MEMBER OF THE ELLIOTT-AUTOMATION GROUP EY 
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Stabilized 
POWER PACKS 
















tH 


EHH 


di 
$33 









FOR 
THERMIONIC 
VALVES 


£150 NeETT IN UK. 


High-power 0-600 volts stabilized 300 mA max. 





L.T. supplies stabilized — two independent 
outputs at 63 volts 4 amps. 


H.T. source resistance less than 0°! ohm at d.c. 
and less than 0°5 ohm up to 30 kc/s. 


Leaflet C60 


H.T. source resistance may be varied up to 
a maximum of 40 ohms. 





Mains ripple of up to 6 volts can be 
superimposed on H.T. line. 


‘= 39 


Overload protection of H.T. line by 
resettable cut-out. 


AWUCE COMPONENTS LIMITED 


—oee ke ae) td OIA AY?) Oo @ © © @ © &© 8 @ 
ROEBUCK ROAD « HAINAULT « ILFORD « ESSEX * TELEPHONE : HAINAULT 4444 
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Two new stabilized power packs with outstanding 
features for the development engineer. 


The Type PP.1 has the unique features of stabilized L.T. 
voltages, variable H.T. source resistance, and mains ripple 
injection on the H.T. line. 











The Type PP.3 is fully transistorized and provides simul- 
taneous d.c. voltages of either polarity, and is fully protected 
against accidental short-circuit. 


















FOR 
pp? TRANSISTORS Two independent variable d.c. supplies 0-30 volts | amp. 


Positive and negative supplies provided simultaneously. 
£110 NeETT IN UK. 


Up to 60 voits d.c. by series connection. 


Fully protected against short-circuits. 


Leaflet C62 


Ripple less than | mV peak-to-peak, 





VYVVVY 


Both voltage and current monitored simultaneously. 





We shall be pleased to arrange for our Area Sales Engineer to demonstrate these models to you. 


®eeeeereeexuxeeeese350oese3#eeeeeeeeeeestet¢ eee @ 
GDB8I. 
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Safety/Relief valves are chosen for 


ROS . PERFORMANCE 
. ADAPTABILITY 
. MAINTENANCE 


Lower priced valves can be produced which will “do the job”’, but will their performance, reliability, adaptability and 





maintenance requirements keep operating and maintenance costs and shut-down time to an absolute minimum ? 


CROSBY DESIGN—The Crosby JO & HS Full Nozzle, Full Lift Relief and Safety valves are the only valves having 
both easily adjusted, two ring control and truly flat seats on both disc and nozzle. 


HIGH PERFORMANCE - Safety Relief valves rely on fluid kinetic forces just as much as static pressure for correct 
operation. Without an adjustable guide ring to vary the secondary orifice to suit different fluids the secondary 
orifice contours would have to be individually machined to suit each application for optimum performance and 
cannot be expected to be completely satisfactory on fluids other than that for which the valve was ordered. 


WIDE ADAPTABILITY—The adjustment possible with the Crosby two ring control enables optimum performance 
of pop, lift, capacity, blowdown and shut-off to be readily obtained on all fluids, thus providing complete adapt- 
ability. 


EASY MAINTENANCE~— The perfectly flat seats on both nozzle and disc can very easily be resurfaced when necessary 
without the necessity of critical control of seat widths and angles; in fact the tools can easily be taken to the valve; 
it does not have to be taken to the tools. 

The Crosby one-piece disc can be resurfaced many times without costly replacements. Also any dimensional 
changes due to resurfacing can casily be compensated for by ring adjustment, ensuring optimum performance. 


O 














BLOWDOWN CONTROL 
Guide ring accurately adjusts to re- 
quired blowdown by changing the 
reactive forces of the various flowing 
media. Blowdown adjustment is inde- 
pendent of pop action. 










FLAT SEATS 
Both nozzle and disc seats are com- 
pletely flat and easily resurfaced if 












POP ACTION CONTROL 
Adjustable nozzle ring assures sharp 
controlled pop action ... prevents 
long drawn-out warn or simmer 
before popping. 








CROSBY VALVE & ENGINEERING CO. LTD. - WEMBLEY - MIDDLESEX - ALPerton 2311 


CHWR/3al# 
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Helipot 











The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman/Helipot Potentiometers 
exclusively 

for valve position contro! and 

generation of control signals. 


Above: Series ‘C’ Helipot, two gang unit, mounted on Beckman/Helipot precision wire-wound helical potentiometers offer : 
a large control valve at the Rolls-Royce Altitude Test superior resolution . . . superior linearity—continuous test on produc- 
Plant, Derby. These potentiometers ensure an accurate tion . . . low noise — all pots tested to close specification . . . wide 
and fine control of temperature and pressure in the ambient temperature range . . . long life — minimum life expectancy 
engine test cells, corresponding to the desired altitude specified . . . and can be supplied with multiple taps welded to indi- 
conditions. vidual wire turns, without reducing resolution. 
Helipots provide reliable, long-life operation, embody- We shall be pleased to discuss your applications and advise suitable 
ing 15 years’ continuous improvement in design and types. All British-made Helipots can be supplied at competitive prices 
manufacture. from stock, in a wide range of resistance values. 


Special requirements can be met to order, 
Write for data sheets to Dept. T-P. |. 


Beckman : Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 


Sales and Service, England and Wales :- , 
WINSTON ELECTRONICS LTD Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 
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SEAMLESS METAL BELLOWS 
TEMPERATURE SENSITIVE SYSTEMS 


PRESSURE SENSITIVE SYSTEMS 
SHAFT COUPLINGS FREE OF BACKLASH 


by ORAYTON of course! 


Write to Dept. |.P. 
DRAYTON REGULATOR & INSTRUMENT CO., 


B.18 


LTD., WEST DRAYTON, MIDDLESEX. Tel. West Drayton 4012 
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Monitor 1000 
“readings” every 
50 seconds with 


\ F)pata Logging Equipment 


An accuracy of +02% and a high 
scanning speed make Blackburn Elec- 
tronics data logging equipment ideal 
for monitoring plant performance. 
Modular construction of the basic 
units enables instrument engineers to 
install exactly the right size of this in- 
expensive and compact equipment 
necessary for data monitoring and re- 
cording on their plant. Extension of 
the logger by multiples of 10 channels 
is possible as required. 


Input signals derived from thermo- 
couples and other transducers can be 
scanned at a rate up to 20 points a 
second. Departure of any parameter 
from predetermined limits is indicated 
by visual and audible alarms and a 
parameter record. Alarm conditions 
may also open relay contacts for pro- 
cess control applications. The output 
data may be obtained on a strip or 
page printer or paper tape punch and 
will comprise parameter identification, 
value and time, ete. 


A complete log of all parameters may 
be obtained on demand and at regular 
intervals, 


—. 
. 
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MP SEN 


\B\E BLACKBURN ELECTRONICS LIMITED 








Brough, Yorkshire Telephone: Brough 121 
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AUTOMATIC CONTROL 


i 
} 
air Tube boilers 











Shel} boilers 

Marine boilers 

Industrial processes 

Heat exchangers, thermal 
and |nuclear. 

The| John Thompson La 
Mont auxiliary boilers as 
supplied to the Alfred Holt 
shipping line are fitted with 
automatic controls by John 
Thompson Instrument Co. 
Pressure controls, high pres- 
sure cut-outs, flame failure 
and air flow controls are 
linked with multiple safety 
features to give a compact 
reliable system. 























The control panel housing the pressure con- 
trols manual/automatic switch lever, pressure, 
temperature and draught gauges. 


A John Thompson Flame Failure 
unit fitted to the burner. 


a 





A section of the remote control, push-button 
unit showing some of the timers, relays and 
contactors. 


wt eu ey 


J JOHN THOMPSON INSTRUMENT CO LTD - WOLVERHAMPTON 


MUREX manufacture 


the ‘“SINCOMAX’ MAGNETS 


used in DORAN GALVANOMETERS 








In this new galvanometer Murex ‘Sincomax’ Magnets 
are used to meet the need for low leakage, high- 


‘le beraigad and magnetic stability. 


Pa Write for Standard Magnets 


Booklet. Technical repre- 
, ie } sentatives always available 


y for consultation and advice. 





Photograph of Galvanometer 






by courtesy of 






Doran Instrument Co. Ltd. 












MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM °< ESSEX °< ’Phone: Rainham, Essex 3322 
Telex: 28632 Telegrams: Murex, Rainham-Dagenham Telex 


London Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.|. 








EUSton 8265 
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oe cae segrinding. 
Arrrour-piate is not usually encountered in toolroom scuffing, wear and seizure are experienced. 
or machine-shop; but the tough new alloy steels and R.T.D. COMPOUND resists the extreme pressures of 
nickels are becoming almost daily problems. the most severe machining processes and produces 
ROCOL R.T.D. COMPOUND is a specially designed smooth cutting with minimum wear. 
lubricant for conditions in which the tool sustains ROCOL R.T.D. COMPOUND shortens job-time — and 
extreme pressures, and frictional heat, galling, lengthens tool-life! 
* From the Rocol R.T.D. book of industrial case-histories. 
WRITE TO ROCOL ABOUT LUBRICATION 


a 


COMPOUND 


ROCOL LIMITED 
General Bldgs., Aldwych, London, W.C.2 HOL born 1985 
Rocol House, Swillington, near Leeds Garforth 2261 
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FOR QUALITY SCREWS AND NUTS 
IN STAINLESS STEEL, STEEL AND BRASS 


B.A.. WHIT AND AMERICAN THREAD SYSTEMS 
AVAILABLE FROM STOCK 


A.l.D. AND A.R.B. APPROVED UNDERTAKING 


f 


May we send you our Catalogue? 




















PREMIER SCREW & REPETITION CO. LTD. 
WOODGATE, LEICESTER. Telephone 25691-5 
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COMBINES MAXIMUM RELIABILITY 
WITH LONG-LIFE SERVICE 


rune em 


ins? ™ 


cance 
@ TRANSITRO! 





TYPE 995: 





TYPE 990: 
TYPE 991: 
TYPE 992: 
TYPE 993: 
TYPE 994: 


Two-position (on/off) Controller 
Anticipatory Controller 
Proportioning (stepless) Controller 


Three-position Controller 


nds of these remarkable, direct-deflection 
ents have been supplied to the STEEL, PLASTICS, 
, CHEMICAL and PETROLEUM industries at home 


Programme Controller 


Proportioning (plus reset) Controller 





overseas. 
fi rom ther Transitrol Controllers, essentially simple in 
S lesign, are accurate, reliable and surprisingly in- 


DELIVERED expensive. They employ no thermionic valves and 








4 pee’ no wapeiieg ip time. Ether Transitrol 
rolle hi in the field; they are still 


ENQUIRIES, SALES & SERVICE: 
Tyburn Road, Erdington, Birmingham, 24 


East 0276-8 


Caxton Way, Stevenage, Herts. 
Stevenage | | 2110-7 














Representatives throughout the U.K, 
Agents in all principal countries 
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Wiring and 


Complete 





Our Company are specialist panel 
manufacturers and Instrument Installation 
Contractors, we also undertake the design 
and engineering of instrument projects 


for Industrial and Nuclear application. 


3. Panels completely piped and wired by fully trained 
technicians 


R. HUTCHEON DUTHIE & SON LTD. 


18 DAVID ROAD, POYLE TRADING ESTATE, COLNBROOK, BUCKS. Telephone Colnbrook 2206 
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SOLENOID VALVES 
& CONTROL DEVICES 


=== 


j 





temperature 
oil, water and numerc 
cast iron, steel 
special applications 
WYalate| us YOoOUrT <« 


types. 








ALEXANDER CONTROLS LTD., Reddicap Hill, Sutton Coldfield, Warwickshire. 


Telephone: SUTton Coldfield 5227-8-9 


MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 





~~ 
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THE THE HEART OF A GOOD DESIGN IS SIMPLICITy 
@ No bellows, bearing or ratio arms. 


The Positioner is an integral part of the Domotor, not an 
afterthought. 


ANSWER 


The Domotor and Positioner reduce hysteresis to a fraction of 
that experienced with conventional designs. 


TO 


Available to ‘open’ or ‘close’ valve with increase of 3-15 psi 
signal. 


CONTROL 


The action can be changed in a matter of minutes on site. 


PROBLEMS 


a 





HAMMAN 


THE POSITIONER 


{00/100 SOAUAAOUOUAGEONAAGBONA 44444) 


a 


H 


HUH: 


TE 












Audco Annin Valves are recognised by Control 
Engineers and Valve Designers as the outstanding 

valve development of the past 25 years for the 
control of hot, cold, erosive, corrosive or viscous lea 





Audco Annin Valves 
—Domotor Control, 
Cylinder and Hand- 
wheel operated. 









liquids. 











AUDLEY ENGINEERING CO. LTD., NEWPORT, SHROPS#! 
Telephone: Newport, Shropshire, 3245. Telegrams: ‘Audley’ Wellington, ™ 


£X) 














London Office: 60/61 Trafalgar Square, London, W.C.2. Telephone: ‘Trafalgar’ 4401. Telegrams: ‘Audcolon Lesquare’. Milne 
- - _ ts — - — —$—$—$—$—$— — — $$$ ————— —— —-——_ —- — ——— —-—-—- _—_—, 
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indispensable... 





n of 
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HH 


a) Using an AVO Multiminor to balance the D.C. component 
a ¥) sl 2 across the output transformer of a High Fidelity Amplifier. 





MNNLLLLNU 14001 OE 


(1111) 002000000 DAA 








IN 


THIS is an ingeniously designed yet inexpensive rectifier/moving coil 
instrument of pocket size and sturdy construction. It is extremely well made 
and simple to use. 


HLL 





D.C. Voltage: 0-1,000 V in 7 ranges 


A.C. Voltage: 0-1,000 V in 5 ranges It is fitted with a high-grade rotary selector switch of quite unique design, = 

_. opto in S = in which a series of 18 fixed silver-plated contacts, embedded in a moulded = 

en Oran. e ring, are wiped by a double-contact rotor arm. = ; 
— ee Full advantage has been taken of the latest printed resistor techniques to = 

ad mn az Cees achieve compactness of size and economy of weight. = 
Specially designed, extremely accurate test gear has been made to ensure = 
3% — ~- ey that every Multiminor measures up to the prescribed standards of accuracy, = 

°, and the final testing is of a particularly rigorous nature. = 
Youn wi nw w AC. 8 P = 












Sulit tint 








ANNI POOUNINUNNNUONOEVGGSECUOUNUOAUOLSLTGA GGT AODUUUNUOUUUELUOUAEUAUULUOUGEEAHOUAUOLIOUEVOULULULUULIUULU UN) i ULVIIVUINIVDONHULOLUONGALALALLVOUVRUYEUVELUOAOOLIOLUUALLLOALOGA IA (NVI. LULU 
‘ontrol Size: S$ x 38 x 18 inches. Write for your Free Illustrated RANGE SELECTION : 
son Weight: | Ib. approx. Catalogue describing the Range selection is by means of a 
anding ; £9 = 10s complete range of AVO substantial switch, there being 
— List Price: : ° instruments. only two connection sockets for 
or Complete with Test Leads and Clip: any measurement. The instrument 
viscous Leather Case if required 32/6 has 19 ranges, a single scale being 


provided for current and voltage 
measurements and another for 
resistance measurements. 


Telephone: ViCtoria 3404 (12 lines) 
YO ETDp_ AVOCET HOUSE - 92-96 VAUXHALL BRIDGE RD. - LONDON - S.W.! 
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You should 
learn more about 
the 


PYROMETER 
CONTROLLER 


Embodying an extremely simple circuit 
without the use of any electronic com- 
ponents, transistors, lenses or reflectors, 
the Coley Z5 will control with an 
accuracy of -25°%, at any temperature 
up to 1600°C. 


Leaflet Z5 will tell you all about it. 






COLEY THERMOMETERS LIMITED 
2-4 LONDON ROAD - BRENTFORD - MIDDX 
Phone: Isleworth 4232 Grams: BRYCO BRENTFORD 
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The vital link 
in every circuit 





You'll need 
this booklet... 


when you are faced with the problem 
of finding exactly the right type of 
Connector for a particular job. 

It provides abridged data on the wide 
range of Plugs and Sockets 
manufactured by Plessey, and lists the 
publications which are available on 
various types. 

Selection is simplified even further by 
means of the Selection Guide enclosed 
with the booklet. It lists fully the 
main characteristics of each of 

16 different ranges. 

If you have a need for Plugs and 
Sockets you also have a need for this 
information. 

Write today for a copy of 
Publication 148. 





















Electrical 
connectors 





| Plessey | 
Wiring and Connectors Divisio 
The Plessey Company Limited 
Cheney Manor - Swindon - Wilts 
Telephone : Swindon 6251 


Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED * ILFORD * ESSEX 


aon 
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The R.F. 
SIGNAL GENERATOR 










































TYPE B4 | 


MODEL A: 100 kc/s to 80 Mc/s 





aoe in 6 bands 
[ie is ance = MODEL B: 30kc/s to 30Mc/s 
[Ee # in 6 bands 
— “ 


Calibration accuracy of both models is +1°%, 












aoee A) 
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of 
e wide 
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—to be sure! 
id 
or this 
NETT PRICE IN Ugk, The Advance B4 Signal Generator is a well tried and proven instrument 
which incorporates special features consisting of a monitored R.F. output 
and variable modulation depth (which is also monitored) ; an 80 dB attenuator 
of special design provides exceptional accuracy of attenuation throughout 
the frequency range and an unusually low leakage factor is achieved by triple 
Full technical details in screening of the R.F. oscillator and by mounting the calibrated dial on the 
Leaflet C38 available outside of the case. 
on request OUTPUT IMPEDANCE: EXTERNAL MODULATION: 
75 ohms unterminated; termination Model A: I0 c/s to 30 kc/s*modula- 
rs pad supplied to provide output tion depth 0 to 80% 
impedances of 37 and 10 ohms Model B: 10 c/s to 40 kc/s; modula- 
and a dummy aerial facility. tion depth 0 to 80% 
— AUDIO OUTPUT: 
Division INTERNAL MODULATION: 0 to 10 volts into 600 ohms at 400 c/s. 
Limited 400 c/s +-10%; modulation depth 0 to . 
80% -:10% R.F. LEAKAGE: Less than | micro- 
Vilts evi volt. 
AWE COMPONENTS LIMITED 
intl —— Gate nmnrns—_- _ ---__--_-_--____.___- as 






ROEBUCK ROAD + HAINAULT « ILFORD * ESSEX TELEPHONE : HAINAULT 4444 
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THERMOMETERS 
RECORDERS & 
CONTROLLERS 


For accuracy, ease of reading, robustness, economy and 
long, trouble-free service install Rototherm instruments. 
Models are available to suit most Industrial and Labora- 
tory requirements. Over 4,000,000 Rototherms are now 


in daily use. 


Write for details 





Ro a Oe ee ee 


BI-METAL * MERCURY-iN-STEEL * VAPOUR PRESSURE 
THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, $.W.19. ‘phone: LiBerty 7661 
and at Nottingham, Glasgow and Dublin. 








———_O8] TT | 


Essential for | 
sampling and monitoring / 


eS . 
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HENDREY 
Mercury Vapour 
Concentration Meter 


Type E.3472 


Measures concentration of mercury 
vapour present in air. Essential where 
quantities of mercury are regularly used! 
or where danger exists of leakage ol 
mercury vapour from apparatus. 

Two sensitivities are ava:lable, at the touch of 4 
switch, giving either full scale reading at a con- 
centration of 770 micro-grammes per cubic 
metre of air or full scale meter reading at acon 
centration of 200 micro-grammes. Terminations 
are provided at rear for operation of a recorder 


Hendrey Relays wal ng continuous readings of concentration 


HENDREY RELAYS LTD - BATH ROAD -: SLOUGH - BUCKS :- Telephone: Burnham 609/611 
MANUFACTURING ELECTRICAL ENGINEERS - CONTROL AND LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists. A.I.D. and A.R.B. Approved 
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Precision drawn resistance wires . 


rhodium-platinum thermocouples 
Beryllium Copper wire and strip 


Nickel cathode 
tubes . Grid support wire . Contacts and contact 


springs . Rhodium electrodeposits . : : 
capacitors and plates . Fine fuse wires . Platinum: and components that will contribute sub- 


capillary and pointer tubes . Wires for resistance 
thermometry . Silver brazing alloys 
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progress 


Behind the spectacular advances man is 
making in his preparations for the greatest 
stride of all—the first entry into space—lies 
great progress in a host of technologies and 
skills. Prominent among them is instrumen- 
tation, which in turn depends for progress 
upon the fundamental science of metallurgy. 


Johnson Matthey products for the instru- 
ment industry stem from the company’s 
century-long experience of specialised metal- 
lurgy. Supported by intimate knowledge of 
Sicaiahaiies requirements this experience yields materials 
Maliory 73 stantially to the quality, accuracy and 
Bourdon, reliability of the instruments of the future. 





Specialised Products of 


Johnson lf Matthey 





OHNSON, MATTHEY & Co., LIMITED, 73-83, HATTON GARDEN, LONDON, E.C.|. _ Telephone: Holborn 6989 


toria Street, Birmingham, |. Telephone: Central 8004. 
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75-79 Eyre Street, Sheffield, |. Telephone: 29212 
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range 


Wide range and sustained accuracy are outstanding features of Weston Resistance Bulbs. These platinum 
resistance bulbs are temperature sensitive elements normally used in conjunction with ratiometer 
indicators for temperature measurement, or with other ancillary equipment for temperature recording or 
control. An extremely short, sensitive element permits an immersion depth as small as 14 in. without 

the occurrence of errors. The sheath is of highly corrosion resistant stainless steel, outside diameter } in. 
Weston Resistance Bulbs are supplied air-filled (Model S110) or gas-filled (Model $110G) each 

model being available in a variety of forms to suit different applications. Plug and socket waterproof 
connections or integral flexible leads are available. Please ask for LIST W55. 






























$110 $110G 
WORKING Minimum working temperature —100°C —200°C 
DATA Maximum working temperature +500°C +250°C 
Maximum working current 10mA 20mA 

Response time 7 secs. 2 secs. 























weston RESISTANCE BULBS 


SANGAMO WESTON LTD : ENFIELD : MIDDLESEX 
*Phone: Enfield 3434 ( 6 lines) and 1242 (6 lines) ’Grams: “Sanwest”’ Enfield 


London, Glasgow, Manchester, Newcastle-on-Tyne, Leeds, Liverpool, Wolverhampton Nottingham, Bristol, Southampton 











and the 
Ove... Britannia 





Human freightage involves extreme 
resp ibilities which be too greatly 
emphasised. B.O.A.C. insist on the most 
stringent safety precautions and tests on all 
their aircraft, including of course the ‘Brit- 
annia’ . The equip used for testing must 
be unfailingly accurate and reliable. It is 
significant to note that for the instrumenta- 
tion of some of this testing apparatus SIFAM 
Electrical Measuring Instruments were 
specified. 


For 30 years Sifam have enjoyed an un- 
rivalled reputation for reliability and quality 
of manufacture. For specialist or general 
applications the discerning user will always 
specify SIFAM. 






















invertor Test Rig for 
B.O.A.C. ‘Britannia’ 
aircraft. 







7 The ifam Technical Representative 
will be glad to call and discuss your 
instr ion requir 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 


Leigh Court, Higher Lincombe Road, Torquay, Devon. 
Torquay 4547-8 
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Photograph by courtesy of 
British European Airways 

: BEA| EQUIPMENT 
- features the Carpenter Polarized Relay 

Behind the efficiency of London Airport is the busy B.E.A. 

Teleprinter Centre gathering and transmitting information. 
rreme ° ° gs . 
rently This centre serves most of the airlines operating at London 
— Airport and handles over 20,000 messages each day. Its trans- 
pede mitters must meet the needs of speed, competence and 
; must reliability. 
It is e 
Sn. For these very reasons, B.E.A. choose Carpenter Polarized 
IFAM Relays for the Telegraph Transmitters. 
were 

Carpenter Polarized Relays are available in 5 basic types, each 
in un- with several variations for special purposes. They have 
ss facilitated, and continue to facilitate new developments in the 
‘lways field of electronics. To learn more about them, please write for 

details. 

; J ‘WLC CARPENTER POLARIZED RELAYS 


TELEPHONE MANUFACTURING COMPANY LIMITED 
Relay Division, Hollingsworth Works, London, S.E.21 
Telephone: GiPsy Hill 2211 



















NovEMBER 1959 INSTRUMENT PRACTICE 


Circle 31 for further information 








PRLS SER TAD ASM 





PFS eG LES 


| Dont bury your head... _ 






























. . in the sand and take a pressure 
gauge at its ‘face’ value. Look 
for the name ‘P & G’ and be 
certain of an instrument of quality— 
made by craftsmen for complete 
accuracy and dependability over 
years of active service. 


The range of P & G pressure gauges 
includes many different types to suit 
most applications—vacuum, com- 
bined, altitude, electric contact, 
differential, critical, duplex, dia- 
phragm, capsule, etc. 


Write for publication No. 74. 


Payne 


TUDOR WORKS e WINDMILL LANE 
SMETHWICK * BIRMINGHAM 


PHOSPHOR BRONZE 


FOR THE ELECTRICAL AND 
ASSOCIATED 
INDUSTRIES 


In a range of alloys containing 
3%—12% Tin, for specific 
purposes, to private 
















1), 


specifications and to 
British Standard Specifications 


STRIP & SHEET 
ROD, WIRE, TUBE 
CHILL CAST BARS 


HARLES CLIFFORD LIMITED 


Established 1767 IMHO 

OOL MILLS, BIRMINGHAM 30 a 
E 
° 





Y STREET MILLS, BIRMINGHAM 5 Stanm 
FFICES: LONDON, GLASGOW, DUBLIN ene 
Mow 133 Arnpr 
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You can build any design of case, rack, console or cabinet you like, 
in any quantity you like, or have them built quickly for you— 
Imhof’s new IMLOK Manual tells you how! 42 pages with full colour 
illustrations give the whole story: show every connector and 
extrusion in detail: explain exactly what each is used for: give 
simple step-by-step instructions on how to make IMLOK 

em frameworks, how to fit panels. The IMLOK Manual guides you in 
designing and using IMLOK and gives a wide range of examples— 
which have all been made with IMLOK. It tells you about finishes and 
accessories, and even simplifies ordering for you! Always have the | 
new IMLOK Manual by you for designing, constructing and ordering 


always have the \\EW |MLOK MANUAL by your side 


S send for your copy NOW 








c . . A 
aire : 4 
ee ‘ : 


ft tae 
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the imlok manual tells all! 


Alfred Imhof Ltd., Dept. Hil, Ashley Works, Gowley Mill Road, Uxbridge, Middx. Uxbridge 6231 








Export & London Showrooms: 112-116 New Oxford St WCl Museum 7878 
IMHOFS AGENTS OVERSEAS 
Australia: Aladdin Industries (Pty) Ltd., Denmark: Tage Schouboe, New Zealand :imarex Ltd.,Auckland C3 Switzerland: Walter Blum, Zurich 2/39 
Stanmore NSW Copenhagen N Norway: Birger Christensen, Oslc U.S.A.: Bud Radio Inc., 
Belgium: Rogelec, Ghent Finland: Oy Scienta Ab, Helsinki Portugal : Projectos e Construcoes Lda., Cleveland 3, Ohio 
ada: Measurement Engineering Ltd., Germany: Sunvic Regler GMBH, Solingen Lisbon Brit. Guiana: Davsons Caribbean 
pM-w 133 Arnprior Holland: J, Th. van Reijsen, Delfc Sweden: Elektroniund AB, Malmo C Agencies Ltd., Georgetown 
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100,000 ov. !  Tivformeter 
HIGHEST SENSITIVITY 


IN THE WORLD 
STAR FEATURES 
Supersensitive 
Automatic Mechanical Overload Cut-out 
Reverse Polarity Facility 
Lowest current reading—o.2 pA 
10 Microamps full scale 
Highest current reading—1o Amps D.C. 
Lowest resistance reading—o.5 ohms 
Highest resistance reading—200 Megohms self contained 
Lowest voltage reading—1o mV D.C. 
Highest voltage reading—25 KV D.C. v0.04 
Very Robust—suitable for everyday use ie. on Es ped 
Accuracy (2%, D.C. 3% A.C. Ohms 5%) > m. San Pre 
Portabilit v/ “ey 

, price £26-15-6 sf ey, @ 


P100mA 









>t ee bb ot ob Ob bb Oe 


Complete with Instruction Manual 
and interchangeable test prods and 


a 
T “RY 1006 


ouTeYyT 





clips. 

High quality leather case if re- 
Ge 04:4%9 bores £2-18-0 
H.V. Probe for25KV ... £4-0-9 


Write for full details and catalogue 


or, bot — TAYLOR ELECTRICAL INSTRUMENTS LTD. 


MONTROSE AVENUE, SLOUGH, BUCKS. Telephone: SLOUGH 2138! 
















You get unbiased advice on 


AUTOMATIC BOILER CONTROL 


from a - [) a because they can offer 

















two alternative systems— 


We are not concerned to advocate one system or the 
other, except as the circumstances dictate. Our expert 
advice on automatic boiler control and instrumenta- 


ra nnn PNEUMATIC 








JAMES GORDON & CO. LTD. Maeda CTRONIC 


DALSTON GARDENS, STANMORE, MIDDX. 
A MEMBER OF THE ELLIOTT AUTOMATION GROUP 
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On the threshold 
of the 


Nineteen Sixties 





is equal to 


th e fe h al | S nN 2 om View of the new Cambridge Instrument Company Laboratories. 


Architects: Messrs. Edward D. Mills and Partners. 


We cannot, do not, stand still. Industry makes increasing 


demands on research. Research looks to CAMBRIDGE, The Ultra 
in this famous centre of scientific research, now, as it did Microtome 

. 80 years ago. Furthermore, a bewildering complexity of Oe: (Huxley Type) 

] processes in industry must be measured, recorded, con- 


's trolled, co-ordinated, automated. 


CAMBRIDGE is ready to meet these demands. With 
the opening of our new laboratories come several significant 
additions to the vast CAMBRIDGE range. Here are a 
few new, developments. 


THE ULTRA MICROTOME (HUXLEY TYPE) 
Cuts sections of known thickness in steps of 50 Angstroms from 
100 to 1,500 Angstroms. 


CARBON MONOXIDE DETERMINATION 7 : Scanning 

: 2 ‘ ; Electron-probe 
The growing importance of this study to coke oven plants, (e@)I X-ray 
foundries, gas works, steel works, and in mines, has stimulated lp ; Microanalyser 


a great deal of research by CAMBRIDGE scientists. This 
research is still continuing, chiefly in the direction of small semi- 
portable equipments. 


SCANNING ELECTRON-PROBE X-RAY MICROANALYSER 

A powerful method of qualitative and quantitative metallurgical 
analysis. Incorporates a deflection system in the electron micro- 
scope so that the electron beam can scan the surface of the sample, 
It has immense possibilities for those engaged in the precise 
examinations of microstructure. 








CAMBRIDGE INSTRUMENTATION | 
strides Forward over new trontiers 


CAMBRIDGE INSTRUMENT CO. LTD., 13 GROSVENOR PLACE, LONDON, S.W.1 
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ON THE PHILIPS 

















MICROVOLTMETER 
TECHNICAL DATA 
Philips D.C. Microvoltmeter GM.6020 measures 10¥-V to 3 
C.i ‘ inant 10uunA Measuring range: 100.V — 10V fs.d. atan input resistance of 1 megohm. 
MeV D.C mn Seeenaes, om aren ET Te SN : up 10mV — 1000V f.s.d. at an input resistance of 100 megohms. 
to 104A. Pointer deflection is independent of polarity, Overall accuracy: 100:V range: + 5% (relative) 
which is automatically indicated by 2 pilot lamps. GM.6020 All other ranges: + 3% absolute. 
can be used as a sensitive galvanometer. Calibration: 3mV + 0.5% is applied internally at an additional position 
Product of N.V. Philips, Eindhoven, The Netherlands. of the range selector. 


Mains su) + 110-145, 200-245V 50-100 c/s. 
Sole distributors in the U.K.: ond 


RESEARCH & CONTROL INSTRUMENTS LTD. 


INSTRUMENT HOUSE - 207 KING’S CROSS ROAD - LONDON - W.C.1. TERMINUS 2877 ) 
(RCLO432 








SYNTHETIC RESIN BONDED LAMINATE 








brings you 
MATERIAL SOLUTIONS 


to your 


CURRENT PROBLEMS 


. . . because the range of PIRTOID Paper and 
Fabric base laminates affords all the machining 
qualities needed with consistent uniform dielec- 
tric and mechanical strength. Read this 
booklet, sent gladly \on request. 











H. CLARKE & CO. (MANCHESTER) LTD 


Atlas Works -: Patricroft * Manchester 
Telephone Nos. ECCLES 5301-2-3-4-5 
dm CK4 
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keeping an eye on the head... 
from hundreds 


of feet away 


Designed for measuring non-conducting 
fluids in high pressure or vacuum tanks, the 
FCI PACITOR ELECTRONIC TANK 
CONTENTS GAUGE has proved most 
— efficient. It takes up little room and needs 
minimum maintenance. In installations where 
the total liquid capacity runs into thousands of 
gallons stored in a number of tanks, Pacitor will 
give an accurate indication of the summated or 
individual tank contents. The Gauge has been 
certified safe for gases in Groups II and III. 





The FCI HYDROSTATIC TANK 
CONTENTS GAUGE measures the head of 

liquid in almost any type of non-pressurised ¢ 
tank, wherever it’s situated and regardless of size 
and height. The gauge is of the remote-reading 
type and there is a wide choice of different 
kinds of installation to suit individual needs. 

It is suitable for measuring corrosive and 
non-corrosive liquids; liquids containing 

solid matter in suspension such as paper 

pulp; viscous fluids such as syrups. 











Full technical details from: 


FIRTH CLEVELAND INSTRUMENTS LIMITED 
Byron House, 7-8-9 St. James’s St., London SWI A Member of the Firth Cleveland Group (fC) 
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THE BRYANS -_ — 
“XxX” & “Y” Co-ordinate Plotting Table 


CATALOGUE No. 1806 





@ A well-designed and robust instrument. 


@ A high degree of plotting accuracy is 
maintained with a good speed of 
response. 


@ Plotting area 15” x 10” on paper. 


For further details write to:— 


BRYANS AEROQUIPMENT LIMITED 


Specialists in precision measurement of pressure, 
temperature and speed. Design and production facilities 
available for test equipment and multiple panel building 
including electrical and electronic work. 


WILLOW LANE MITCHAM JUNCTION SURREY TELEPHONE: MITCHAM 5134 (5 LINES) 
































































SPE 
THERMOCOUPLE s 
Excit 
CAT. NO. 7556 Freq 
TEST SET np 
Pi Input 
Outp 
Phase 
, In-Ph 
Quad 
Total 
Pye instruments ae 
Quad 
The The le Test Set ed ily fi _ 
‘ rmocou est is intend rimar or: . 
The Thermocouple Test Set is compact, robust and fully % Check of peste calibration teers Sone Variat 
portable: it is convenient in operation and a wonderful time- thermocouples poe temp. 
saver. Three instruments are combined as one to provide te Measurement of thermocouples end lead resistances: 
all the facilities required for testing thermocouples and their the reversing switch enables correction to be made for 
associated indicators, controllers, recorders and alarm any inherent e.m.f, in the thermocouple. 7 
— S. py bor cca . agg tpt . bp eagcoa * C alibration of indicators, recorders and controllers am 
ridge an } & potential source, wWakn may & maps under correct conditions of external circuit resistance. 
separately if required. The circuit and switchgear are so POTENTIOMETER: There are two ranges x1, x5. On the 
designed as to provide the most convenient test routine. A x1 range, 0-20 mV reading down to 0.01 mV on the slide- Rotor 
reversing polarity switch and thermometer are built into the wire dial. On the x5 range 0-100 mV reading down to Wei 
set. 0.05mV on the slidewire dial; standard cell, battery and eigt 
galvanometer are incorporated. Accuracy +0.1 %. Drive 
ee WHEATSTONE BRIDGE: Three dials, 4 steps of 10 ohms, 
10 steps of 1 ohm and 10 steps of 0.1 ohm, — the series arm 
SCientiric(}) (AinstRUMENTS ‘= ee bridge and the accuracy of any setting is 
POTENTIAL SOURCE: Comprises a battery and coarse and 
W. G. PYE & CO. LTD. fine control, together with a main selector switch for 20, 
GRANTA WORKS NEWMARKET ROAD CAMBRIDGE ENGLAND 50 and 100 millivolts. EDDE 
Telephone: Cambridge 54411 (5 Lines) Telegrams: Pye Cambridge 
Circle 41 for further information 
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A new 
Integrating Tachometer | 


with temperature 





‘ hi ATOR >= 
compensation (yaieemz.: 
a 








and linearity ; 





7 better than 0-12% 

















SPECIFICATION 
Type description 105T2H Integrating Tachometer € 
Excitation (Volts) ... a _ mee pate ne es DP Per 24 € 
Frequency (C.P.S.) oe oa re = = oe ees a a 
eT ee a ea ae ere | Of particular interest to Design 
| Input power (Watts) = he ne adi mn i 7 ss I9 c Enci | at 3 h 

Output Gradient (per 1,000 r.p.m.) ... ee nee eee, wee F VIt-£0-2% nepneers currently engageé in the 
Phase shift with respect to input at 3,600 r.pm. 2.0 eee 0°+ 10’ a development of advanced computer 
In-Phase Fundamental at zero speed (mV) max. _ — ion fea 2 : . or ‘ 
Quadrature Fundamental at zero speed (mV) max. ... oes _ ‘i 6 ® equipment — 1s an extremely accurate 
Total harmonic (mV R.M.S.) ve =e aie — — ie vat 10 Integrating Tachometer 105T2H. 
In-Phase axis error (mV).. pike ae ns bei itde has ona | x ad 
Dictssse ants erver (mV) oe - a | e Outstanding among its characteristics 
Linearity: up to 4,000 r.p.m. (percentage of vane output at £3, 600 r r.p.m.)+0°12% are temperature compensation and 
Variation of output gradient with variation in ambient e 

. linearity b han 012%. Full 
temperature se oe ies es fe ee ... —55°C to +80°C inearity better than /o° u 

39°, j H ° . 
; a Pome @ details of this Ketay product and of 
+ 50’ phase shift 

, Shift in axis error with variation in ambient temperature -55°C to +.80°C 6 the full Ketay range are freely available 

. s- 00 enV te ghane on request. 

. +8 mV in Quadrature 

:- Rotor Moment of Inertia (oz.—in?) _... = = 0°094 = 

4 Weight: ... ose = — 8 oz. tor je ry - | oz. for resistor 
Drive on coe CON “en combined with |.5” and 1.8” diameter servo motors = 

S, 

‘na 

is 

Hetay ww 

id 

0, 
EDDES HOUSE - EASTERN AVENUE WEST - ROMFORD - ESSEX - TELEPHONE: SEVEN KINGS 6050 

seme: 

rnial PK3A 
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The Seal in-a-Second / 


AAG 4 


TAPE 


---with 
the 
‘feather 
touch’ 
control 


@SAVES FATIGUE @®MORE PARCELS 
IN PACKING PACKED PER DAY 





@SAVES TAPE BY ® DESIGNED FOR *% THE HIGH SPEED 
PRE-SET LENGTHS RAPID SEALING OF PRESS - BUTTON 

HEAVY BALES, 

eAUTOMATIC CARTONS AND GUMSTRIP (acco) SEALING 
MOISTENING CONTAINERS TAPE SHOOTER 
CONTROL 





@ Send for the illustrated leaflet 
or ask for a free demonstration 
in your packing department 
Details from: 


SAMUEL JONES & CO. LTD. 


NEW BRIDGE STREET, LONDON, E.C.4,. Jel: FLEet Street 6500 
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Continuous recording of rapid, transient or oscillatory pheno- 
mena is made possible with Kelvin Hughes High Speed pen 
recording instruments. A wide range of instruments is available 
including new units which will permanently record up to 8 
variables simultaneously. When used in conjunction with 
special Kelvin Hughes bridge amplifiers and power units, the 
recorders will measure strain, force, displacement, drag, 
pressure, acceleration and similar variables, providing in- 
stantaneous permanent recordings. Rapid response, versatility 
and dependability make them well suited for research work in 
aerodynamics, rockets, hydraulics, computers, and countless 
applications in industry, including civil engineering, mining, 
production testing of motor cars and tractors. 


Ruggedly built and insensitive to external vibrations, Kelvin 
Hughes pen recorders will operate effectively under the most 
exacting conditions in vehicles, aircraft, and where heavy 
industrial plant is operating. 


Please write for technical literature. Kelvin Hughes 
specialists are freely available to advise on any particular 

>KE- application for single- or multi-channel recorders in 
industry. 


KELVIN HUGHES 


SPECIALISTS IN INDUSTRIAL MEASUREMENT 


wee 


KELVIN & HUGHES (INDUSTRIAL) LTD., KELVIN HOUSE, WEMBLEY PARK DRIVE, WEMBLEY, MIDDLESEX 
60-72 Kelvin Avenue Hillington, Glasgow, S.W.2 
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Assembly of hot wire vacuum switch relays. 


ong, OU Ty WY Af Cc Sunvic manufacture a variety of pneumatic, 
electronic and electro-thermal] instruments; in 

addition they engineer complete projects for 

integrated process measurement and control 


cs 

instruments systems including data transmission and 
logging. 
Sunvic, an all-British company pioneered the 


and complete introduction of pneumatic force-balance instru- 


e e ments in this country, and has a vast background 
instrumentation of technical knowledge and development in the 
application of pneumatic instrumentation. 
Extensive research, design and engineering 
resources can be brought to bear on any project. 








— 
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Components and electronic 
instruments 


Precision Pulse Generator: for use in any 
application requiring a shaped pulse of stable and 
accurately known amplitude. Pulse widths of 

1,5, or 25 usecs. Main Amplitude control over 0-40V 
to a linear accuracy of =-80mV and incremental 


CS) 7 i aa 


* 





_ control over 0-1.24V to ~ 2mV. Overall amplitude 
4 stability better than + 0.025”... 
Pal High Speed Potentiometric Recorders: 
ee single or multi-trace, a choice of 13 different 
4 input units and numerous additional facilities; 
27 different chart speeds from 1” per hour 


ns 
NY to 3° per minute. Can be supplied with speed of 


response of 1 sec. and guaranteed calibration “s Y 
accuracy of + 0.5”, f.s.d. 
-———--_—----- [> > > +--+ 
Pneumatics : Complete systems a 
Controllers: will accept any pneu- | Sunvic will design and engineer { 
matic signal from transmitters giving | complete projects for integrated systems ee 
output up to 50 p.s.i. Will withstand | of process measurement, recording is 

| 








120g shock with less than 1”. zero shift: and control, including data transmission 
ambient temperature limits —60 F. to and logging. This graphic control 

-225°F. Sensitive to changes in panel is one supplied for the platforming 
measured variable of 0.01%. unit at the Anglo-Iranian refinery, Aden. 


* 


Temperature Transmitters: true 
constant volume type, helium filled. 
Sensity 0.01". of full scaie. Tein- 
perature spans 50 F. to 900 F; ambient 
limits —60 F. to +200 F. Max. temp. 
1,000 F; min. temp. -- 328 F. 
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Aldis 
Digilife 










Improved projection-type In-Line 
Indicator offers the following 
unique advantages: 


Increased figure size for more effective display. 


Quick-release lamp unit for easy lamp change. 
Quick-release lamp unit for easy 


Flush panel mounting for wider angle of view and enhanced 
replacement of bulbs. P 8 5 


panel appearance. 


The ALDIS DIGILITE comprises 12 lamps in a special quick- 
release lamp housing and an optical lens system for projecting a 
brightly illuminated figure-character on to a viewing screen when a 
lamp is switched on. The main advantage of this method is that the 
image always appears in the same plane, giving a wide angle of view. 
Units can be banked together to, give (for example) the read-out 
on a digital voltmeter, and numerous other applications exist. 
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Angle of View. 75° off axis in all Width. 1°562”. 
directions. — 
Fixing Holes. 6BA on 2:25’ 


centres on a vertical centreline of 
the number. 


Large numbers (1°2” high). 
Any number of units can be 
grouped together. Lamps. 6°3 volts, 0°3 amps. 


Figure Size. 1:2” high. 





Figures. 0 to 9 inclusive, and two 


Panel Aperture. 2:012” high x 
1:562” wide. 


A PULLIN GROUP decimal points, one before and 
one after a figure. Screen Size. 1875” high x 1°562” 
PRODUCT Any reasonably alternative set of wide. The screen has a neutral 





12 hieroglyphics could be con- 
sidered, but if two or more are to 
be projected at any one time, we 
should require detailed notice of 
requirements in good time. 


Length. 5°50’. 
Height. 3:00’. 


tint which carkens the back- 
ground on which the figures are 
projected, since ambient light 
must pass twice through the 
screen material while light from 
the projected figures passes once 
only. 


Weight. 9 ozs. or 258 grams. 


R. B. PULLIN & COMPANY LIMITED 


Pub 


BRENTFORD MIDDLESEX 


Please note our new Telephone Number: |SLeworth !212 


GREAT WEST ROAD 


PHOENIX WORKS 


Cables: PULLINCO, WESPHONE, LONDON 
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Circle 47 for further information 


reasons 
for choosing 
Honeywell 
Millivoltmeters 














Versatility of form and versatility of function. 


Honeywell Millivoltmeters provide 


Honeywell 
Frits in. Consol 


any of four different controls: 
High level safety cut-off 
2-position with adjustable neutral zone 
3-position, providing adjustable ‘‘ on,”’ *‘ off”? and 
WRITE OR SEND THE COUPON TODAY TO: 


Honeywell Controls Ltd. Ruislip Road East 
Greenford, Middlesex. WAXlow 2333 


i iliiieiiniieeel 


live or dead neutral control through contactors 


pulse-proportioning control to vary ratio of 


‘*on’’ time to ‘‘ off’ time in fixed time cycle 
Please send: 
Full information on millivoltmeters 

















Address of your nearest branch office 
(tick where applicable) 


? Simple, safe design... 


3 Speedy changes of plug-in 
measuring and control units... 


| 
| 
| 
| 
NAME m : 
| 
| 
| 
| 
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POSITION 
ADDRESS 
4 Cheaper, safer, more efficient plant operation... LP. 
at an extremely low cost 
Branch offices in 10 cities in the U.K. and throughout the 
world, 
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COMMENTARY 


Instruments The Eighth Convention of the Scientific 
of Destiny Instrument Manufacturers’ Association 
recently held at Brighton had this 
title. It may appear to be a dramatic phrase, but we 
have had in the last year or so, indeed in the last few 
weeks, sharp reminders of the manner in which instru- 
mentation may help to shape the future. We have 
witnessed the manner in which the Lunik III was 
guided successfully and accurately to the region of the 
moon. This is essentially a peaceful application of the 
particular control instrumentation, but one wonders 
what the team of Soviet scientists responsible for this 
instrumentation could achieve with parallel equipment 
for inter-country and inter-continental missiles, par- 
ticularly with regard to accuracy at the receiving end. 
One refers to Soviet scientists, but, of course, the 
remarks apply to scientific personnel in all countries 
who are working on the same problem. Instruments for 
such a purpose would indeed be “Instruments of 
Destiny”, and, if nuclear warheads were involved, of 
a destiny which no one cares to contemplate. The 
panels at the SIMA Convention, however, were couched 
in happier vein and involved talks and discussions on 
instruments of the future as projected for nuclear appli- 
cations, travel, medicine and space. Attention was also 
paid to materials and components for the future, many 
of which will have to operate under great extremes of 
temperature, pressure and so on. A report of the Con- 
vention will appear in this journal next month. 

One may pursue the theme a little further. Instru- 
ments may influence the course of future events in the 
matter of trade either as direct exports or in helping to 
increase production of goods intended for export. The 
following figures are quoted from recent Board of 
Trade productivity tables relevant to exports of instru- 
ments, showing that the trend is in the right direction. 


SCIENTIFIC INSTRUMENT INDUSTRY 
(The Table takes the figure for 1956=100) 
For the first quarter of each year. 


1957 
Total For Export 
111 113 
1958 
Total For Export 
115 112 
1959 
Total For Export 
116 114 
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British scientific and industrial instrument exports 
to the U.S. were recently reported to be {6m. for the 
year 1958 and £4m. for the first seven months of 1959; 
an indicated increase rate of some 25%. These were 
figures given at a Press Conference held recently at the 
United States Embassy in London by Mr. Thomas H. 
Coulter, of the Chicago Association of Commerce in 
connection with the Chicago International Trade 
Fair, 1960. 

It is perhaps in the direction of the Iron Curtain 
countries that one would wish to see an increase in 
trade, and the signs, even here, seem promising. 

One final note may be added. We are constantly 
being reminded of the dangerously low standard of 
living of a large proportion of the world, particularly 
in Asia. If instruments could play some part here in 
relieving the needs of the inhabitants of those countries, 
then they may indeed merit the term ‘Instruments of 
Destiny”’. 


Brain Brain Simulators is, perhaps, a term 
Simulators which relates more to future develop- 

ments than to present research. Never- 
theless, a recent address by Professor Tustin to the 
Measurement and Control Section of the Institution of 
Electrical Engineers reminds us of a significant field of 
research in which instrumentation is playing an impor- 
tant, if unheralded, part. Professor Tustin reminds us 
of the double role involved: of the instruments which 
carry out the specific measurements of the physical 
factors involved, and of the electronic models utilising 
elements that have similar properties to nerve cells per- 
forming such brain functions as learning and recognition. 
The work of scientists in the field is impressive. For 
example, W. K. Taylor has constructed a machine 
capable of recognising classes of patterns, Licklider 
has investigated discrimination of sounds and has pro- 
duced a model which includes a representation of the 
stereophonic effect, and Dr. Cherry has come to the con- 
clusion that, from experiments on hearing, the aural 
mechanism must involve cross-correlation. 

Professor Tustin indicates developments for the 
immediate future, but warns that very much more work 
requires to be carried out before even some of the 
simplest operations can be fully simulated. It is a 
fascinating subject, however, since one could see a 
human being in the future represented as a special model 
of a memory controlled system. 


INSTRUMENT PRACTICE 1125 

















Circle 48 for further information 


2. 


Newton-Derby Transistorised 
Carbon Pile Voltage Regu- 
lator. 

Silicon transistors 2S002, 
2S017, 2513. 

Panel showing transistorised 
circuit. 








Texas Silicon Transistors give this Newton-Derby Voltage Regulator instant operation under 
rapidly changing conditions. In the aircraft, guided missiles and fast-moving military 
vehicles in which this carbon pile regulator is used, immediate control throughout great 
variations of speed and temperature is essential. To eliminate the time-lag of conventional 
bi-metal ring devices, the designers have incorporated Texas Silicon Transistors to obtain the 
close degree of regulation that otherwise could only be achieved with elaborate electronic 
equipment. Only silicon transistors possess the close tolerance required, and continue to 
give precise control at temperatures ranging from -65°C to +150°C. Only Texas Instru- 
ments, because of their wide range, could provide the designers and makers of this high- 
performance equipment with the precise transistors they needed. 











TEXAS INSTRUMENTS LIMITED 


TELEPHONE : BEDFORD 68051 DALLAS ROAD, BEDFORD CABLES: TEXINLIM, BEDFORD 
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A Precision Recorder for Data Processing Systems 


QUUUUEDAEUOUAEUADUEUACSUOUAEOAUOEOEUEOUEUEEOEOUEUELOCOEELOOOOOUEOOEUOGONOEOUOAOOOEO OOOO OOD OO RHOOOOUOOOEOOGUOOUEOOOOOOEOUGUEO OOOO SEOEOONOOOOOOE By D. BRODER* 


In this article the evolution of a precision instrument 
for measuring the output from d.c. strain gauge bridges 
and other forms of transducer is described. It incor- 
porates a number of unique features and uses a commer- 
cial chart recorder as its basis. 


Introduction 

HEN planning the primary instrumentation for 

a new supersonic wind tunnel at the Aircraft 
Research Association Ltd., a decision to use d.c. instru- 
ments instead of a.c. was made in the light of previous 
operational experience on a transonic tunnel. It was 
found that the vibration frequencies of models and 
supports, which were unpredictable and varied from 
experiment to experiment considerably, were affecting 
the quadrature balancing in an arbitrary manner and 
having a serious damping effect on a.c. servo instru- 
ments. 

The main objection to the use of d.c. appeared to 
be possible thermo-electric effects, and it was thought 
that this could be dealt with in the design of the 
instrument more expediently than the alternative 
course of designing and providing several different 
filter networks for each experiment. These in practice 
would only be capable of being finalised under tunnel 
running conditions and the use of tunnel time for 
exercises of this nature would be prohibitive. 

Investigations showed that there was no instrument 
available at the time to meet all the major requirements 
of the specific purpose; but a d.c. self-balancing servo- 
operated chart recorder would provide the main basis 
for an acceptable instrument. The decision was there- 
fore made to purchase suitable chart recorders and 
rebuild them. 


Requirements 


The first requirement was that the instrument must 
have facilities for a digital output to be compatible 
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with an existing data handling system.%) A reasonable 
high order of overall accuracy was required to at least 
0-3, and discrimination to about 0-1°% and a means 
must be available for providing a visual display of the 
data in a readily perceptible manner to the staff con- 
ducting the test. 

Desirable features are continuous zero shift over 
100% of full scale. Means for preventing data being 
“read out’’ from an instrument that is seeking balance. 


. Response to transducer bridge output should be 


independent ot the bridge exciting volts. Instruments 
to be housed on the “jack in” principle to facilitate 


speedy replacement in the event of faults. 


General 

Most of the available chart recorders, suitably modi- 
fied, could meet these requirements and be fitted with 
the shaft type digitiser already in extensive use at this 
establishment.(?) A ready display of “raw data’’ is 
available in the form of the normal chart plot. The 
makers’ quoted accuracy for this type of instrument 
normally refers to the scale or plotted reading and as 
pens and pointers are normally driven through cords 
and pulleys, etc., something better can be expected at 
the slide wire shaft. With improvements, the required 
accuracy of the digitised reading should be achieved. 

The final choice was an Integra, Leeds & Northrup 
type H strip chart recorder, using a modified R-820- 
12-2 type amplifier externally (in place of the amplifier 
normally fitted) to obtain the requisite discrimination 
and stability. The size of the type H Speedomax was 
largely influential in making this choice against other 
suitable types, as a number of instruments had to be 
mounted in a console together with other equipment 
and be reasonably compact. 





* Aircraft Research Association Ltd., now with Intelligent 
Machine Research Corp., U.S.A. 


INSTRUMENT , PRACTICE 1127 








































Fig. 1. Receiver geared to chart drive 


Mechanical Modifications 

The type H Speedomax is supplied only with a uni- 
directional time drive to the Y axis, the maximum chart 
speed being 4 in. per minute. 

For our purpose a bi-directional chart drive was 
required with a maximum speed of 240 in. per minute 
in order that the chart movement could be related to 
model attitude which is signalled back via a servo 
system. A synchro receiver is geared to drive a standard 
M type transmitter, this is then connected electrically 
to an M type receiver which is geared to the chart drive 
roller, Fig. 1. The whole layout of the chart feed has 
been altered to achieve the chart speed required and 
the bi-directional drive is shown in Fig. 2, An 
auxiliary gear plate has been fitted using a similar 
principle to the chart ‘‘take up” used on the Integra, 
Leeds & Northrup type G Speedomax; i.e., a toggle 
gear action to sense direction and driving one or other 
of the ‘‘take up” spools. Fig. 3 shows the instrument 
before modifications. 

In addition a pen lift device has been added, in the 
form of a bracket and miniature ball race added to the 
pen carriage; this runs along a flat bar which holds the 
carriage off the paper normally. A solenoid is arranged 
to tip the bar, thus allowing the pen to come in contact 
with the paper. An indexing pen, solenoid operated, 
has also been added. 

The terminal board at the back of the instrument case 
has been removed and plugs (by Messrs. Magnetic 
Devices Ltd.) fitted using a special cast aluminium 
frame so that the instruments can be “jacked in” to 
their housings. As there are approximately 55 connec- 
tions to the instrument, this facility is essential if 
instruments are to be capable of rapid interchange. 

The whole of the instrument has been fitted to a 
sub-panel on which is also mounted the range change 
switch, and an “‘off-balance’”’ indicator lamp. 





The Electrical Circuits 

Fig. 5 shows the general circuit arrangement. Integra, 
Leeds & Northrup supplied the basic instrument with a 
four range coil pack and external range switch. The 
slide wires were specially selected by the makers to 
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have a linearity of better than 0-08%. All the com 
ponents used in the measuring circuits were of a high 
order of accuracy, and together with the associated 
wiring (the instruments were entirely re-wired) wer 
ensured to be virtually thermal free. 

These measures, together with the replacement of 
amplifier with the R-820-12-2 mentioned above, will 
in the main improve the overall accuracy to the 
required figure. 

Fig. 4 shows the method for taking out the initial 
unbalances in the strain gauge bridges; the balancing 
chain shunts two arms of the bridge to achieve this, 
but a reduction of sensitivity of the shunted gauges 
results. For this reason the ratio of balance control 
resistance to bridge resistance should be relatively 
high, and the overall resistance variation between 
different sets of controls should be kept to a minimum, 
in order that calibration and results will not vary from 
instrument to instrument. 

A change of 10% in the total resistance of the chain 
results in a 0-1% variation in the desensitising factor, 
so that this is about the maximum that can be tolerated. 
To enable the use of a good class commercial potentio 
meter, the 10 k ohm padding resistors are high stability 
0-02%, tolerance and all the permitted latitude is 
allowed in the potentiometer which is of the multi 
turn variety and has a tolerance of +5°% in 10 k ohms. 


Fig. 2. Bi-directional drive for chart roller 
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In the extreme this will only produce an overall differ- 
ence of 3 to 4% in the overall resistance. 

\ continuously variable zero has been provided by 
removing two span coils which are normally connected 
in series, with the chopper reference point connected 
to the junction and replacing them by a special potentio- 
meter with the chopper reference point connected to 
the slider. These potentiometers, which were specially 
manufactured by Messrs. Colvern Ltd., are thermal 
free, being wound with min-alpha wire and all other 
parts manufactured from Messrs. Johnson & Matthey’s 
625 alloy. In order to achieve an end-to-end resistance 
value within 0-1% potentiometers were wound to 
30 ohms and shunted by a nominal 30 ohm coil which 
is individually adjusted for each potentiometer to give 
an overall resistance of 15 ohms. Careful attention to 
detail in the construction of this component is 
important. 

The standardising circuits have been modified so 
that the reference source can be switched from standard 
cell to a dividing chain and the instrument standardised 
against precisely 1 of the strain gauge bridge supply 
(which is approximately 6 volts). This enables the 
detection of strain to be independent of the bridge 
supply voltage which, although having to be made 
stable in itself, need not be produced to a given abso- 
lute value, which is extremely difficult. 

The slidewire output voltage is proportional to the 
slidewire current and the angle the slidewire moves 
through: 

V, a I,0 
If I, is made proportional to K Vx, i.e., some fraction 
of hridge volts then: 

V, « OKV, 
The signal voltage = “AV,x, 

so that at balance 

AV, « OKV,. 
Therefore 6/A deflection per unit strained is proportional 
to 1/K and is independent of the supply voltage. The 
“zero shift” potentiometer referred to above forms part 
of the span circuits, hence the need for accuracy, 
stability, etc. 

The use of large car batteries has been found satis- 
factory using this system provided that after charging 
they are discharged to bring them to the flat portion 
of their volt/time curve and that instruments are 
standardised at approximately half-hourly intervals. 
A stabilised power supply has also been developed 
using Belgian A.E. gas cell stabilisers as a reference 
source, with barreters to stabilise the current through 
them; this unit has been proved to maintain the voltage 
output within one part in a thousand over several hours. 
This unit was developed before the availability of 
commercial packs using Zener diode references; these 
also have lately been used satisfactorily. Mercury cells 
are used as slidewire batteries to assist the overall 
stability between standardising periods. 

The standardising battery rheostat is solenoid 
operated, but due to the additional load provided by 
the extra contacts necessary when using the technique 
outlined above, it was found advantageous to accomp- 
lish the switching by means of a gold-plated relay in 
lieu of the usual semi-manual contact assembly. The 
wiring of this circuit is, as a consequence, advantageously 
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Fig. 3. Integra, Leeds and Northrup Ltd. Speedomax 
before modification 


shorter. One practical difficulty which was encountered 
with this arrangement was the return of the relay 
before the slower acting solenoid, the instrument would 
then move with the standardising rheostat still engaged, 
thus upsetting the standardisation which had just 
taken place; the circuit shows how this has been over- 
come, by slugging the relay and inserting a diode to 
prevent the capacitor discharge delaying the solenoid. 
An “‘off-balance’’ indicating circuit has been intro- 
duced. The output from the servo amplifier is fed via 
a bridge rectifier network to one coil of a bi-stable 
Carpenter relay; the other coil is fed from the high 
tension line; in the absence of a signal this latter coil 
. holds the relay over, the circuit can be adjusted so that 
when the signal rises to a pre-determined level, the relay 
will operate to its other state. This circuit will respond 
to a signal of less than 3 microvolts at the amplifier input. 
In the associated data handling system the ‘‘read 
out” of instruments can be inhibited during the time 
any instrument is seeking balance, by means of this 
device; the two states are also indicated on the front 
panel of the instrument by means of coloured lights. 
As mentioned above, a pen lifting arrangement has 
been fitted and the operation of this has been so 
arranged to plot points, short dashes or the usual 
continuous trace. The ‘“‘read out”’ pulse is transmitted to 
all instruments simultaneously and is of a duration suffi- 
cient for the system to store the digitiser information. . 


Fig. 4. Arrangement of balancing control 
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Relay A (Fig. 5) is held in by this pulse, B is called and 
opens the reference winding to the servo motor, 
which “freezes” the instrument. For continuous plot C 
is held in permanently allowing the pen to be in contact 
with the paper; in the case of dots C relay pulses the 
solenoid as B drops out. When producing dash symbols 
it is important that the actual plotted point should be 
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identifiable, i.e., one end of the dash represents this 
point and it must be ensured that in drawing the dash 
the pen can move in one direction only. In this case, 
as B relay drops out C is called and allows the pen to 
plot a point on the paper by calling D relay via contact 
C2 and introducing atemporary shunt across the battery 
rheostat. This causes the pen to move in one direction. 


NovEMBER 1959 










cor 
pos 


vol 


bee 
bri 
arr, 
acr 
swi 
wh: 
“ca 
def, 


to « 
Sta: 
Co 
bee 


No 





cvs 


t of 


this 
dash 
case, 
n to 
tact 
‘tery 
tion. 








1959 








When C opens lifting the pen, D is still made for a short 
time by virtue of the slugging capacitor across the coil, 
thus the pen is lifted from the paper before returning 
so that any overshoot that may occur will not spoil 
the plotted point. This precaution was found very 
necessary in practice. D1 and Cl ensure that a further 
cycle cannot be initiated before completion of a current 
cvcle. 

lhe zero shifting potentiometer has been mounted 
externally to the instrument on a sub-panel which also 
houses the bridge balancing circuits, so that in the event 
of an instrument having to be replaced during a test, 
the balancing of the associate bridge and the zero 
position remain independent of the change of instru- 
ment and.the test can proceed without shutting down 
the wind tunnel to reset these conditions. 


Performance 

A brief summary of the average performance figures 
obtained over ten months operation might prove of 
interest. 

Firstly, stability with time of individual instruments 
over the period: the deflections obtained with a known 
input have been within a band of 0-4%. Since readings 
have to be taken via digitiser outputs (which are them- 
selves +0-1%) and also taking into account all other 
error sources, this figure is considered satisfactory. 

The calibration range to range of instruments is 
+0-1% and the calibration as between instruments is 
+0-2%. Spans of instruments were originally checked 
and trimmed to these figures. The overall linearity 
is regularly checked and is again +0-1%. 

The backlash in the paper drive is about ,}; in. over 
forward and reverse of a 10 in. chart and the plotted 
points have been found to be within 0-3 to 0-5%. 

On the infrequent occasions when portions of data 
have been lost due to a digitiser or system fault, it has 
been found possible to repair the omission using the 
charts. 


Calibration 


The standard cell has been retained so that the instru- 
ment can be referred back to this if necessary. It is 
considered that this is a useful engineering feature for 
possible fault finding, and also should the instrument 
be required for some other occasional duty as a milli- 
voltmeter. 

A simple check of performance and calibration has 
been devised for maintenance engineers; a dummy 
bridge consisting of four precision 0-02% resistors is 
arranged so that precision shunts can be switched 
across one arm by means of low loss thermal free 
switches, the whole is housed in a triple screened box 
which is thermostatically controlled to 30°C. The 
“calibration box” provides a set of known digital 
deflections for each range. It has not been possible 
to detect any shift or error in this device. 

Arrangements are made within the system to 
standardise automatically at half-hourly intervals. 


Conclusions 


A number of instruments have been built and have 
been in use for about a year; the expected accuracy has 
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Fig. 6. General view of instrument console (Published 
by permission of “‘The Aeroplane’) 


been achieved and maintained and all instruments have 
proved remarkably stable. The circuits as described 
above incorporate such modifications that have been 
made in the light of experience. 
Fig. 6 shows a general view of the instrument console. 
A further set of instruments is under construction 


.and will replace those used in an existing transonic 


wind tunnel. 
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(a) (b) 


lig. 1. Effect of exposure on appearance of carbon arc. 


(c) (d) 


Subject 200 amp cored carbon arc with 16 mm diameter 


electrodes. Equivalent exposure at F/11 (a) 10-°, (b) 10-8, (c) 10-7, (d) 10-8 sec respectively 


High Speed Cinematography of Industrial Arcs 


By J. C. NEEDHAM, B.Sc.(Eng.)* 


Introduction 

HOTOGRAPHY, whether ciné or “‘stills’, of 

industrial arcs, differs from that of many other 
subjects in that the high power arc is intensely self- 
luminous. In conventional photography it is usually 
possible to arrange such lighting as is necessary to suit 
both the subject and the photographic apparatus 
the latter often being determined by other technical 
requirements such as resolution and framing rate. The 
approach to photography of self-luminous sources 
differs from this in a simple but essential aspect—the 
exposure is basically predetermined by the subject. 
This limitation in turn influences the choice of photo- 
graphic technique to be used, and, in cases where the 
luminosity is low, determines the maximum framing 
rate that is possible. 

However, if the subject to be photographed is at a 
temperature of a few thousand degrees and above, as in 
some chemical reactions, shock fronts and particularly 
in high current electric arcs where temperatures can 
be well over 10,000°K, the self-luminosity is high and 
very short exposure times are necessary. From the 
pictorial viewpoint the main problem then is to 
accommodate the very wide contrast range between 
the arc and its surroundings. This can be done either 
by selectively reducing the brilliance of the arc and/or 
by providing auxiliary lighting, of the same order of 
intrinsic brilliance, to illuminate the surrounding parts 
of the apparatus. 


Photography of High Power Arcs 

There is no one exposure time which is correct 
because the brilliance range, in subjects such as electric 
arc furnaces, is in excess of the contrast range (about 
100 : 1) that can be reproduced on photographic 
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materials. There is a wide difference in intrinsic 
brilliance between the red or white hot materials 
(carbon electrodes, molten steel and slag) and the 
electric arc, which can have a brilliance equivalent to a 
colour temperature in excess of 6,000°K. Moreover, 
even with very short exposures more suited to the arc, 
there is in general no ideal value, because the arc is far 
from being even approximately uniformly bright. The 
arc is not a homogeneous mass of conducting gas and 
the brilliance differences are due to the complex 
structure of the arc. 

The temperatures of electric arc discharges were 
originally thought to be much the same as that of 
chemical flames, that is around 2,000 to 3,000°K, but 
in the nineteen-thirties it was established that the arc 
temperature of a low current carbon arc in air was 
about 6,000°K. Since then it has been shown experi- 
mentally and confirrhed theoretically that the high 
current arc is more complex and that the temperature 
of the central path of a free burning arc is upwards of 
12,000°K. 

Thus with normal subjects the range of exposure, 
for optimum pictorial results, is fairly limited but with 
industrial arcs the choice of exposure depends on what 
part of the subject is required and useful information 
can be derived from widely different exposure times. 
On the other hand, unlike solid or constrained objects, 
the apparent size and extent of the free burning arc 
varies appreciably with exposure, due to the change in 
luminosity both across and along the arc. 


These points are illustrated in the photographs in 
Fig. 1 of a stable 200 A d.c. arc with 16 mm carbon 
electrodes. The exposures cover a range of 1,000 : 1 
(actual exposure time 1/100 sec at F/11 with neutral 
density filters to give equivalent exposure of 10-5 to 10* 
sec). The contrast range is demonstrated in Fig. la 
where, except close to the arc, the carbons are dark 
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(although visually the carbons are at bright orange 
heat) but most of the arc and flame are grossly over- 
exposed even at this short exposure. Four regions in 
the arc from the cathode are resolved—faint outer 
aureole, bright inner cone, dark sheath and bright 
ceritral stream. 

Progressively less of the cathode arc, and finally only 
the tip of the cathode carbon, is visible as the exposure 
is reduced tenfold in each of the succeeding photo- 
graphs. The anode part of the arc is much brighter and 
is over-exposed, until in ‘“‘c” a difference in brilliance 
appears between the rim of the carbon, which is 
probably at a temperature of over 4,000°K, and the 
arc; and finally in “d” only the central region of the 
anode and the brightest part of the anode flame are 
suitably recorded. 


Monochrome and Colour Film 


In the photography of self-luminous subjects a 
number of conflicting factors affect the choice between 
monochromatic and colour film. Obviously with a self- 
luminous source both intensity of illumination and 
colour are significant parameters, but in practice only 
rough estimates, of relative intensity and colour, are 
possible photographically without considerable elabora- 
tion in technique. Precise physical interpretations are 
often not needed, however, and broader aspects such as 
shape and behaviour are sufficient. For this, black and 
white film is frequently adequate, and it is cheaper to 
use than colour and can be processed as desired. 
Further, the greater contrast range available is useful, 
particularly in electric arc photography where the range 
of luminosity is very wide. The use of negative film is 
an advantage if shadow details are required in the 
presence of over-exposed highlights (such as the arc), 
as the latter are then dark. This applies especially 
to cinematography, where, on projection, a moving 
dark area is less confusing and dazzling than the 
corresponding over-exposed white area on positive or 
reversal film. 

On the other hand even though colour film has many 
limitations, colour adds a sense of realism which can 
assist in the interpretation of a complex subject such 
as the interior of an electric arc furnace. Colour is an 
aid in the separation of such items as molten steel and 
slag, flame or smoke and steam, or various regions of an 
arc, which have differences in colour but which may 
appear somewhat similar on monochrome film. For 
example in the arc shown in Fig. 1b, the central stream 
of the cathode arc is a bright light pink colour but the 
inner cone is a comparatively dark blue, and the outer 
aureole is orange. However, in this instance, the dark 
sheath, easily apparent as a tone difference on the 
monochrome film, is more difficult to distinguish on 
colour film due to the colour contrast. 

Considerable care is always needed in the interpre- 
tation of such photographs, especially in high speed 
cinematography where the subject usually has not been 
“seen” previously. The photographic result is not only 
limited by the comparatively narrow contrast range, 
but at short exposure times the sensitivity of the emul- 
sion also decreases (reciprocity failure) and this can 
distort the colour balance due to differences in response 
of the multi-layer colour film. Another possibility of 
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distortion is that the dyes and sensitivities of colour 
emulsions are adjusted to give a visually satisfying 
result for black-body radiation of about 3,000°K 
(tungsten light) or 6,000°K (daylight); whereas the 
emission from electric arcs is a combination of lines, 
bands and a continuum giving an uneven spectral 
curve. For example, a low current are in hydrogen 
visually appears to be a lilac pink, but on a colour film 
has a distinctly blue cast due probably to response to 
radiation from the arc in the near ultra-violet, but lack 
of sensitivity at the wavelengths concerned in the red 
end of the spectrum. 


Exposure Determination 

Exposure meters, such as normal photo-electric and 
extinction types, are not suitable since these depend on 
average illumination over a relatively wide area 
(usually about 45° angle) and the light reading, for a 
given comparatively small high-intensity source, varies 
both with its size and inversely with the square of the 
distance of the meter from the source. The exposure 
required photographically does not depend on the total 
light output, but on theintrinsic brightness of the part to 
be recorded, and for this, photometric methods are 
required. If the self-luminous source remains sufficiently 
constant, a portable photometer, such as theS.E.I. witha 
comparison spot of $° angle is suitable, but for short 
duration flashes, or varying sources such as the a.c. arc, 
electronic methods are advisable, using say a cali- 
brated photomultiplier cell coupled to an oscilloscope 
display. 

Alternatively a secondary light source such as a high 
intensity carbon arc can be used for comparison, or 
adjusted until it appears to be of the same order of 
brightness, and the exposure based on the photometric 
reading of the secondary source. 

With such high intensity sources considerable attenua- 
tion by neutral density filters is needed to reduce the 
light to a suitable level for conventional photographic 
apparatus. Similarly neutral density filters are used 
to obtain shorter effective exposures on film than those 
provided by the camera shutter. This is preferable to 
excessive stopping down of the lens to a pinhole condi- 
tion, since diffraction effects reduce the definition 
possible. (The optimum aperture for resolution with a 
high quality lens is around F/5-6 to F/16.) 

If the exposure is less than one millisecond, extra 
time should be allowed for reciprocity failure, which for 
very short exposures requires up to 10 times the calcu- 
lated value. However, even when the exposure appears 
satisfactory it is often advisable with self-luminous 
sources, particularly electric arc discharges, to try 
exposures of up to 100 times greater and 100 times less, 
because the range of brilliance found can be very wide. 
If the photography were limited to a fairly close range 
of exposures, the existence in an arc of say high inten- 
sity cores and low intensity wings might not be 
recorded, due to the relatively narrow contrast range 
of photographic emulsions. 


Auxiliary Lighting 

The excessive contrast between a high power arc 
and its surroundings can be reduced by auxiliary light- 
ing of the same order of brilliance. The actual intensity 
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Fig. 2. Use of auxiliary lighting to back-off arc being 
photographed 


of lighting cannot exceed that of the surface of a black- 
body at the equivalent colour temperature. Thus no 
amount of tungsten lighting can normally compete with 
the electric arc, which at low currents has a temperature 
around 5,000°K, and at high currents a central tempera- 
ture of upwards of 10,000°K and even 30,000°K. The 
radiation from the arc is, however, not a continuous 
spectrum and, integrated over the visible region, the 
intensity is less than that of a black-body of the same 
temperature. Thus the anode of a high intensity cored 
carbon arc, which has a light output equivalent to a 
source of 6,000 to 7,000°K, can compare photographic- 
ally with the high current arc and can be used to fill in 
surrounding picture detail. 

Usually such auxiliary lighting is used to back-off 
the arc being photographed, as illustrated in Fig. 2 for 
a welding arc, so as to outline the electrode and molten 
pool surfaces in silhouette. Colour film is useful here 
to distinguish between the arc and the background 
light. In some cases it is possible to obtain detail in the 
less luminous areas by reflecting the back-off light 
from the metal surfaces where the carbon back-off arc 
and the camera are at the same glancing angle to the 
plate surface. In both examples the anode crater of the 
high intensity carbon arc is focused on to the plane of 
the subject and arranged so that the light fills the 
camera lens. Frontal lighting does not provide sufficient 
illumination unless it is directly reflected back into the 
camera. 

If it is not possible to provide adequate background 
lighting, then the relative brilliance of the arc may be 
reduced for particular effects. For example, as the 
spectral emission from the electric arc itself is irregular, 
colour filters can be used to cut out the brightest ranges 
so as to favour black-body light sources such as the 
carbon electrodes. This technique can lead to difficul- 
ties in interpretation, since various regions of an arc 
are differently coloured and selective filters may result 
in significant parts of the arc not being shown. 

Another method, which is applicable to a.c. arcs, is 
to limit the instants of exposure to those periods when 
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the arc current is low or passing through zero, using a 
synchronous stroboscopic shutter as illustrated in 
Fig. 3. Broadly the brightness of an arc, especially the 
central stream, increases greatly with arc temperature 
(which is in turn a function of the current) and hence 
the intrinsic brilliance is at a minimum near current 
zero. This means, however, that with ciné photography 
the framing rate is restricted to 100 per sec or a sub- 
multiple of this. Also the camera must be mechanically 
coupled to the stroboscopic disc so that the normal 
camera shutter is open, and the film stationary, at the 
instant of exposure governed by the slit. This tech- 
nique is useful for example in the filming of the electrode 
surfaces and the molten pool without the apparent 
presence of the power arc. Auxiliary lighting is often 
not required as sufficient illumination can be provided 
by the white hot electrodes. 


Types of Camera 

The design of cinematograph camera depends on the 
framing rate or exposure required to arrest adequately 
the motion of the subject and this in turn is affected by 
how the film is to be analysed, or presented. For normal 
ciné projection (24 frames/sec), a movement of up to 1% 
of the frame dimensions per picture is tolerable as this 
gives a reasonable subjective impression of the action 
over a period of a few seconds. More rapid movement is 
obviously not followed in much detail, but neither is 
much slower action generally appreciated visually, 
unless there are suitable reference points shown 
simultaneously in the picture. 

Where the film is intended for projection the exposure 
in cinematography can, irrespective of the framing rate, 
be as much as half the frame interval time, since the 
loss of definition due to movement during exposure is 
not much greater than that due to the lens and grain 
of the film. However, in scientific photography shorter 
exposures (using for example a shutter of less than 180° 
in a conventional ciné camera) are preferable where 
possible, particularly if individual frames may be 
required later for ‘‘still’”” examples. 


D.C CARBON 
ARC AC Power Arc 
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SYNCHRONOUS MOTOR 
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CURRENT 


INSTANTS OF EXPOSURE 30500 SEC 
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CYCLE OF CURRENT. 
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IN CYCLE GIVING APPARENT SLOW MOTION. 





Fig. 3. Use of synchronous stroboscopic shutter to 
photograph a.c. arcs 
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If the film is intended for frame-by-frame analysis 
only, then a lower framing rate than that required for 
ciné projection can be used, as a change of the order of 
10% of the frame size per frame can be readily followed. 
However, the exposure time must then be a tenth or less 
of the frame interval time so that movement during the 
exposure is sufficiently reduced to resolve the detail 
required. Hence the actual exposure is generally of the 
same order as that for the equivalent ciné film rendering 
a similar impression of the action. 

Often for frame-by-frame working the exposure is 
appreciably less than 1% of the frame interval time. 
This greatly simplifies the film transport mechanism 
as it then is unnecessary to stop the film during each 
successive exposure. In some cases this also applies to 
cinematography if the exposure can be arranged to be 
comparatively short, as for instance in time lapse work. 
Under these conditions a continuous sprocket feed is 
adequate, while for short film lengths a simple drum 
camera can be used in conjunction with a fast operating 
shutter. 

Commercial 16 or 35 mm ciné cameras, with inter- 
mittent film transport and synchronised shutter, are 
generally suitable for all cinematography at the lower 
framing rates (i.e., up to about 100 frames/sec). Even 
with self-luminous subjects, such as power arcs, time 
lapse photography has its uses in the examination of 
slow changes as in erosion problems or electrode con- 
sumption studies in electric arc furnaces. Where it is 
necessary, however, to have very short exposure times, 
as in stroboscopic methods when the exposure has to be 
limited to particular instants in, for example, an alter- 
nating current cycle, then the normal shutter mechanism 
must be backed up by an auxiliary high-speed shutter, 
see Fig. 3. In the simplest forms this consists of a high- 
speed rotating disc, with one or more apertures, driven 
in synchronism with, or coupled to, the conventional 
camera. The auxiliary shutter may be merely placed in 
front of the camera lens where it acts as a high-speed 
capping shutter, or in an image plane as a focal-plane 
shutter. In the latter case to avoid altering a standard 
camera a secondary lens can be used as illustrated in 
Fig. 3 to form a subsidiary image external to the camera. 

In adapting a conventional ciné camera for use with 
an external auxiliary shutter, the latter could be 
directly coupled to the camera drive. This has the 
disadvantages however of film wastage while the disc 
shutter is run up to speed and, as in stroboscopic appli- 
cations, the operating phase relation selected, and there 
is also the possibility, if faults occur, of severe damage 
to the camera due to the power drive and inertia of the 
high speed disc. A preferred system uses, for the ciné 
camera, an independent low power drive of slightly 
higher speed than that required, with a unidirectional 
single pawl clutch connecting the low power motor to 
the high speed disc drive. After the auxiliary shutter 
has been brought to speed, and for stroboscopic work 
synchronised as desired, the camera is started and as it 
attempts to overspeed the single pawl locks in, but if 
the camera is stopped the pawl slips. The pawl pro- 
vides a positive connection to hold the camera at the 
correct speed and phase relation to the auxiliary 
shutter, so that camera shutter is open and film 
Stationary at the instant of exposure. 

For framing rates of the order of 1,000 frames/sec 
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lens 
Fig. 4. Optical compensation for high speed cameras 


and upwards, intermittent film transport is not practic- 


.able, and continuous film feed is employed. Unless the 


exposure is very short, some optical compensation is 
needed to shift the image with the film during the 
exposure of each frame to avoid relative movement. 
Various designs have been developed commercially 
based on systems of moving lenses or rotating mirrors, 
but the most common and simple method of optical 
compensation is the rotating flat prism or cube, which, 
as it turns, displaces the image formed by the lens so 
that it travels with the film. The prism also serves as a 
shutter as it rotates either by total reflection of the 
image or with the aid of vanes, see Fig. 4. Commercial 
cameras of this type can achieve framing rates of 
20,000 frames/sec with 8 mm film, 10,000 on 16 mm and 
4,000 on 35 mm film. At these speeds a 100 ft of film 
lasts about half a second, with the camera rapidly 
acclerating from standstill and reaching half speed 
after some twenty feet. The exposure time is generally 
one third of the frame interval, but compared with con- 
ventional ciné cameras there is some loss of definition 
as the optical compensation is not perfect over an 
appreciable angle of rotation. 

For ultra high speed photography, that is 100,000 
frames/sec and upwards, the techniques are more 
complex. The photographs obtained are often not in a 
suitable form for projection (although they may be 
copied on to ciné film for showing) and generally the 
number of pictures in a sequence is quite low, about 
100, so the time period covered is very limited. The 
three main types of camera will only be briefly described 
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here as their main use is in studying explosive pheno- 
mena, and industrial requirements for ultra high speed 
photography are rare. In one method a series of still 
cameras (or lenses in a composite camera) are exposed 
in turn, using say a high speed rotating mirror to 
obtain a sequence of pictures. For self-luminous 
subjects so called ‘‘inertia-less’’ electro-optical shutters 
are used (based on the Kerr or Faraday effect in which 
the plane of polarised light is rotated to pass through 
a pair of crossed polarisers), but with non-luminous 
subjects the exposure can be controlled by pulse light- 
ing from suitably triggered spark gaps or gas discharge 
tubes. 

In the image-dissecting type cameras the image is 
optically broken down into an array of very fine points 
or lines, arranged so that there is space between each 
elemental part of the picture on a photographic plate. 
For subsequent frames the array is slightly displaced in 
sequence on the plate until all the original space is 
used up. The composite picture that results can then be 
unscrambled using the same camera for play-back. 
The main advantage of such techniques is that high 
framing rates can be readily achieved with relatively 
slowly moving mechanical parts as the displacements 
required are very small, compared with the size of the 
image. The main disadvantages are the low definition 
(governed by the number of elements in the array) and, 
with self-luminous subjects particularly, the possibility 
of “ghost” images. The latter occur if, due to the wide 
contrast range of the subject, there are over-exposed 
regions where the very fine elemental images of the 
array spread into adjacent areas and so are falsely 
detected ‘‘at the wrong time”’ in the play-back. 

Lastly there is the streak or slit camera in which one 
dimension of the subject, the slit image, is recorded 
against time using either a simple drum camera or 
rotating mirror to sweep the image relative to the film. 
No shutter apart from an overall capping shutter is 
required. Although this technique does not provide 
pictures in the normal sense, it is useful where the 
subject can be arranged so that the changes are in one 
dimension only. For example, the slit camera can be 
used to study the progress of particles constrained 
along a line or, in arc photography, the diameter and 
movement of a section of the arc column, Fig. 5. 

The choice of camera, apart from exposure or framing 
rate, depends largely on the resolution (in the 
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Fig. 5. Slit record of arc movement 
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information sense) required. Where for instance shape 
is known, as with a projectile, picture resolution can be 
sacrificed for time resolution, and ultimately in many 
applications the picture can be reduced to a slit image 
as in the streak camera. With self-luminous subjects 
such as an arc, however, high definition is primarily 
needed, as its behaviour is not necessarily predictable 
in detail, and, with the open (free-burning) arc, its 
shape or boundary is not clearly defined. 


Stroboscopic Applications 

Photography in general is a sampling process because 
in the film plane only two dimensions can be displayed. 
Thus in the majority of cases the system is arranged to 
give a discrete two-dimensional view (of usually a three- 
dimensional scene) sampled at an instant of time, and 
repeated as desired. The exceptions are the streak 
camera where one dimension is recorded continuously 
against time and certain versions of the image-dissection 
techniques in which “‘samples’’ (elements) of the image 
can be displaced continuously with time. 

The time samplings can be completely random, as in 
a single snap photograph, or regularly repeated as in 
normal cinematography, but still uncorrelated with the 
subject. In stroboscopic methods the sampling is co- 
ordinated with some repeating or cyclic event in the 
scene, such as an a.c. arc. Apparently different photo- 
graphs are then obtained according to whether the 
sampling is synchronous or slightly asynchronous. Thus, 
if pictures are taken repeatedly at the same, or 
corresponding, periods in the cyclic event, then the 
subject (or the cyclic part of it) appears stationary. 
Similarly if the photographs are delayed to slightly 
later periods successively in the cycle, then the result 
will appear subjectively as a slow motion film of the 
event. Even when the framing rate is very different 
from the cyclic frequency, stroboscopic effects arise 
when the taking rate is a near multiple or sub-multiple 
of this frequency and care should be taken in inter- 
preting the results. For example, as is well known, 
wheel spokes can appear to rotate forwards and back- 
wards in a film of a vehicle accelerating, and this is due 
to the sampling process of cinematography. 

Stroboscopic techniques, however, can be usefully 
applied to exploit these effects. If the cyclic event is 
very stable, i.e., repeatable, then these methods can be 
used to obtain an effectively high speed ciné film of the 
event without using high speed cameras as such. The 
only criterion is that the exposure is short (usually less 
than 1% of the cyclic period) and regularly repeated at 
slightly retarded instants in the following cycles for 
each successive frame. For stable alternating current 
discharges, a synchronously-driven disc can be used as 
a suitable auxiliary shutter attached to a standard 
ciné camera, but the taking rate must be 50 frames/sec 
or a simple sub-multiple of this. For slow motion effects 
the synchronous motor is phase-shifted either electric- 
ally, or mechanically by slowly rotating the motor 
frame. Alternatively the disc can be driven by an 
induction motor where the slip frequency gives a suit- 
able retardation. (With a commercial } h.p. induction 
motor having a no-load slip of less than two cycles a 
minute, the slip only increased to one cycle in ten 
seconds when driving a 12 in. diameter thin aluminium 
disc.) The same technique can be applied to industrial 


NOVEMBER 1959 











p 


Sil 
th 
or 
ra 


m 
as 
fol 
m< 


pr 


evi 
eX) 
lat 
un 


Op 


T 


tun 
ran; 
som 


V 
192: 
Tho 
but 
outl 
to | 
Min: 

¥ 
solet 

supy 
torp 
Mini 

In 
estal 
post- 
tions 
remc 
Auck 
empl 
smal 
up tc 

Th 
squa: 
foun 
neart 
they 
facto 
squal 


Nov: 





ape 
1 be 
any 
age 
ects 
rily 
able 

its 


use 
yed, 
d to 
iree- 
and 
reak 
usly 
tion 
nage 


as in 
is in 
1 the 
; CO- 
the 
10to- 
the 
‘hus, 
or 
the 
lary. 
shtly 
esult 
f the 
erent 
arise 
tiple 
nter- 
own, 
yack- 
s due 


fully 
ont is 
an be 
»f the 

The 
y less 
ed at 
s for 
irrent 
ed as 
ndard 
es/sec 
ffects 
ctric- 
motor 
by an 
1 suit- 
uction 
‘cles a 
in ten 
inium 
ustrial 


2 1959 








photography, with the auxiliary shutter tied, say, to 
the main drive shaft of a machine being examined. 

i‘urther applications include the combination in a 
single film of events on two different time scales, using 
the stroboscopic effect to select or reject preferentially 
one aspect. For example non-synchronous or completely 
random action can be filmed as normally with a cyclic 
event superposed, either stationary or in apparent slow 
motion. Also any other subsidiary cyclic behaviour 
associated with the main repeating event can be readily 
followed stroboscopically such as a rhythmic change in a 
molten metal bath in an a.c. are furnace. 

Thus, as in an alternating current welding arc, the 
progress of the molten pool and the melting process can 
be filmed with the arc superposed in slow motion, or 
even without the arc being apparently present by 
exposing at the cyclic instants of zero current. In the 
latter case the stroboscopic effect is used to eliminate 
unwanted material by photographing ‘“‘through” the 


arc when its brightness is at a minimum. Similarly, 
photographs can be taken through machinery when 
some element, which normally obstructs the field of 
view, is not in the way during a part of its cyclic action. 

Finally, exposures can be made at a particular instant 
in the cycle, such as peak current in an a.c. arc, to 
examine the general behaviour at sucha point. Since the 
stroboscopic method depends on the subject being 
repeatable, it also serves conversely as a check on 
the degree of reproducibility. Thus while a single event 
can be examined in slow motion by high speed photo- 
graphy, strobophotography can be used to investigate 
the deviations from the routine cycle. 
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NEW DEVELOPMENTS AT WESTOOL 


Opening of New London Office 


HE new London office of Westool Ltd. was opened 

by the chairman, Mr. B. A. Williams. The oppor- 
tunity was taken at the same time to exhibit a full 
range of the company’s products and to demonstrate 
some new features. 

In opening the office, Mr. Williams said: 

Westool Limited was formed as a limited company in 
1923, and then occupied some small premises in Putney. 
Those were hard years, especially during the 1930's, 
but slowly and steadily progress was made and by the 
outbreak of the 1939/45 war the firm was in a position 
to perform an outstanding service to the various 
Ministries. 

They were engaged in the manufacture of firing 
solenoids for aircraft machine guns, and were the main 
suppliers to the Admiralty of magnetic mine and 
torpedo components with large commitments to the 
Ministry of Supply for their electrical equipment. 

In addition to the main works at Putney, the firm 
established two dispersal factories and the need for 
post-war consolidation, coupled with building restric- 
tions placed upon them by the L.C.C., led to the 
removal from Putney to the present location in Bishop 
Auckland, County Durham. Only 25 of the Putney 
employees agreed to transfer to the North but from that 
small beginning the establishment has now been built 
up to a staff of almost 800. 

The Bishop Auckland factory started with 50,000 
square feet, but after some two to three years they 
found it necessary to acquire an additional factory 
nearby, giving a further 20,000 square feet, and in 1956 
they carried out a 100% expansion of their parent 
factory, so that they now have a total area of 125,000 
square feet. 
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Fig. 1. 
Place, London, S.W.1 


The turnover has increased pro rata with the floor 
area and is now almost seven times what it was in 
1947, as they now manufacture an extensive range of 
control equipment. 

Under licence from America, Westool manufacture 
the Warner electric magnetic brakes and clutches, and 
have just completed a further American licensing 
agreement with the Controls Company of America to 
produce the ‘‘Soreng”’ solenoids in the United Kingdom. 

Westool started making Westair air conditioners 
some six years ago in a small corner of the factory. 
These air conditioners and dehumidifiers are now well 
known and it is encouraging to hear that the British 
Travel and Holiday Association are appealing to 
hoteliers to install air-conditioning equipment to meet 
the requirements of visitors from overseas. 
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New London office of Westool Ltd. at 2 Ashley 
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Fig. 2. Elcotron 


Westool have wound coils since the inception of 
the company, producing well over a million each year 
which are used by some of the most important engi- 
neering companies of this country. Thus it was logical 
for them to make coil winding machines, which they 
have done for the past 30 years. 

With so many activities it is natural that Westool 
should now wish to establish a London office. This 
office occupies an area of some 2,000 square feet and is 
in Teleprinter contact with the factory at St. Helens 
Auckland. Mr. A. C. Stewart, who was until recently 
assistant sales manager, has been appointed London 
office manager. 


The Elcotron 

The newest development to which reference was made 
in the opening speech of Mr. Williams is an eddy current 
device known as the Elcotron. 

It is intended for use as a coupling, a clutch and a 
torque limiter and controller and can be remotely or 
directly controlled. The unit has already been success- 
fully applied for use on coil winding machines, printing 
machines, winches and mine cages. Other applications 
are being studied and numerous tests carried out both 
at the Westool factory and in works all over the country. 

From the accompanying figure it can be seen that 
it comprises a stator with a stationary field coil in 
which rotates an annular rotor and a central rotor. 
The latter is driven by a prime mover, whilst the former 
is attached to the driven load. 

When there is no current flowing in the field winding, 
the input shaft and rotor run idle, while the annular 
rotor coupled to the output shaft remains stationary. 
When direct current is fed into the field winding a 
magnetic field is created which causes the annular 
rotor and the output shaft to rotate. The speed of the 
latter depends on the exciting current in the winding 
and on the torque to be supplied. 

The Elcotron is suited for remote control applications 
as the wattage controlling the excitation of the regula- 
tor is only a fraction of the h.p. that can be transmitted 
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e.g., 1 kW can handle a transmitted power of 200 h.p. 

Its speed can be manually or automatically controlled 
and infinite variability from zero to just below the speed 
of the driving motor can be obtained by using it in 
conjunction with a fixed speed squirrel cage induction 
motor. Both the output speeds and torque can be held 
automatically constant at any desired level irrespective 
of load changes. 

Certain advantages occur because the output torque 
of the Elcotron is transmitted through a magnetic field. 
Undue vibration is avoided because there is no mechani- 
cal connection between the input and output members, 
and inching control is more readily obtained. The out- 
put torque can also be governed at a pre-set value and 
no overload can be transmitted back through the regu- 
lator to the prime mover. 

The unit can be used to overcome problems of load 
sharing and synchronisation. Where it is required to 
drive one machine from two or more motors a regulator 
can be fitted to each motor and controlled so that the 
driving motors always supply equal power to the one 
machine. This avoids undue stress on one particular 
driving motor. 

On conveyor systems where a conveyor is powered 
by two or more motors, each motor can be equipped 
with a regulator and automatically synchronised to 
give constant conveyor speed throughout the system. 





A bend test for hardened tool steels 


The problem of testing fully hardened tool steels with 
hardnesses of more than 800 v.p.n. is a difficult one 
because of the comparatively low ductility which is an 
inherent property of these materials. 

Conventional impact, torsion, torsion-impact, and 
repeated-blow tests have all been tried from time to 
time but although each of these has its uses for certain 
purposes none of them has been completely satisfactory. 

The Metallurgy Division of BISRA has for some time 
been carrying out research on the testing of hardened 
tool steels, and has concentrated mainly on developing 
a bend test for assessing their ‘toughness’. This term 
cannot be defined precisely but is used to denote the 
resistance a steel offers to fracture. It is usually 
regarded as representing a combination of strength and 
ductility. 

It was found to be possible to use conventional 
tensile tests, but the conditions required are exacting 
and great care is needed in carrying them out. On the 
other hand, bend tests provide comprehensive informa- 
tion for the minimum of effort in making test-pieces. 

The method developed by BISRA uses a specimen 
3 in. long, 0-2 in. wide, and 0-1 in. thick. The load is 
applied at four points, and is measured by a strain- 
gauge. The extension of the specimen is measured in a 
way that makes it easy to calculate the radius of curva- 
ture of the test-piece. The design of the apparatus 
makes it possible to immerse the specimen in a liquid 
bath during the test so that it can be heated without 
affecting the load or extension measurements. 

A mechanised version of the BISRA apparatus is 
being designed. A hand-operated version has also 
been designed which can be attached to a Hounsfield 
tensometer for carrying out tests at room temperature. 
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Choosing a Force Measuring Device 





Introduction 


T the present time, when research and development 
are rapidly increasing in the world and new 
laboratories are under construction at an ever increasing 
rate, accurate measurement and recording of force on 
test machinery and rigs to laboratory standards are 
becoming more and more important. Several books 
have been published and papers written on the various 
methods which have been and are being employed for 
this purpose. The majority of these, however, are 
concerned principally with a particular type of load cell 
or alternatively a particular class of force which must 
be measured. Whilst the value of these papers cannot 
be questioned they tend to cater for the specialist in a 
particular field. This article is an attempt to review 
briefly the various ways and means of measuring and 
recording forces and is intended as a general guide for 
the experimentalist whose primary concern is not the 
design of this type of equipment, but who is engaged on 
the type of research in which force measurement is 
necessary and who is seeking the most efficient equip- 
ment for his needs. The range of load measuring equip- 
ment is so varied that a working knowledge of mechani- 
cal, electrical, electronic, hydraulic and pneumatic 
engineering is very often necessary when choosing the 
most suitable system for the more difficult project. 
Instruments for measuring direct tensile and com- 
pressive forces only are discussed ; more complex forces 
such as torque on shafts and varied reactions in a 
stressed system are not dealt with. These forces can 
normally be measured by suitable adaptations of the 
basic principles described. 


Initial Assessment of the Problem 


It is of paramount importance that each particular 
problem of force or load measurement should be 
thoroughly examined before any decision is made on the 
type of equipment to be used. This will save a good deal 
of time and money in the later stages and reduce trial 
and error to a minimum. The basic questions to be 
answered are listed below. 


_— 
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Having carried out this initial assessment the 
experimentalist will find his choice of equipment very 
much simplified. The points listed are not necessarily 
in order of importance, in each individual project 
varying degrees of importance will need to be attached 
to them. 

1. What is the magnitude of the force to be measured ? 

2. How much space is available ? 

3. Does the range of forces to be measured vary very 
greatly and if so does this variation take place 
frequently ? 

4. Isthe force to be indicated only or recorded as well ? 

5. Is remote indicating and recording called for? If 
so what is the distance between load cell and 
instruments ? 


' 6. Is the load basically tensile or compressive or can 


it be either to suit the load cell as in torque 
measurement ? 

7. Do other variables such as speed, temperature, time, 
balancing forces, etc., need to be controlled relative 
to the magnitude of the force being measured ? 

8. What are the ambient conditions surrounding the 
load cell: temperature, dirty atmosphere, moisture, 
etc. ? 

9. Is the load cell to be a permanent fixture for con- 
tinued use, or is it to be a temporary short-term 
project ? 

10. What accuracy is required? If the ranges required 
are widely varying, is the same accuracy required 
over each range ? 

11. How much movement can be tolerated by the 
point of application of the force ? 

12. What response time would be required, i.e., the 
time lapse between the application of the force and 
the indication of it on the indicator or recorder ? 
Need the response time of the recorder be the same 
as that of the indicator ? 

13. How much money would be available ? 

14. Is it required to use proprietary items where 
possible, or to design and manufacture to suit ? 

15. Is it at all possible to measure the force being 
applied at the source ? For example, if it is applied 
hydraulically or pneumatically, to measure the 
pressure. 
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Having answered all these questions and placed them 
in order of importance as closely as possible, one or 
other of the methods of force measurement described 
in the following paragraphs will be seen to be the most 
suitable. 


Discussion on Basic Principles 


To measure the magnitude of a force a device must 
be placed in the line of action of this force in such a 
manner that it acts as an equal and opposite reaction to 
it. This device must be such that in forming a reaction 
to the force an indication must be given of the magnitude 
of it. In other words a physical change which is pro- 
portional to the force, and which can be measured, 
must take place. It is the type of physical change, the 
means of creating it and the means of measuring it 
which constitute a force or load measuring device. 

There are two basic approaches to the problem, one 
is to balance the unknown force by an equal known force 
and this is achieved by using gravity, and the other is to 
allow the unknown force to cause a dimensional change 
(strain) to take place in the device. The latter approach 
is extremely varied and can be carried out using one or 
more techniques or combinations of them. 

The various types of force measuring devices may be 
conveniently divided under four separate headings as 
follows: 

(i) Gravity balancing 

(ii) Force displacement 
(iii) Pressure measurement 
(iv) Air balancing 

Each of these headings could again be divided up 
and a great deal written under each, but only a brief 
description of the four groups will be given with 
advantages and disadvantages of each. 


(i) Gravity Balancing 

In this method the force to be measured is balanced 
against the gravitational force acting on a weight or 
weights by means of a system of levers. When the 
weights and the lever ratios are known, the force can 
be calculated. A simple set of household scales are 
probably the most obvious adaptation of this principle. 
In these it is required to know the force due to gravity 
acting on a body and by making the lever ratio 1 : 1 
this force will be equal to the previously calibrated 
weights placed on the other end of this lever. The point 
of balance is usually indicated by a pointer which 
remains central when the point of equilibrium is 
reached. 

This basic principle has, of course, been greatly 
developed both in weighing machines (which are really 
force measuring devices) and force measuring devices. 
The first step is to make the known weight movable 
along a support relative to the fulcrum point. This 
introduces two important advantages, (i) it greatly 
speeds the balancing process giving infinite adjustment 
and, (ii) the position of the weight relative to the ful- 
crum is proportional to the force being measured and 
this, by means of a suitable scale and pointer, can be 
made to indicate the force directly. In addition other 
modifications have been developed such as weight 
changing mechanisms to enable the range to be greatly 
increased rapidly, and the introduction of a weighted 
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pendulum as the balancing medium, so making the 
system self-balancing and giving a direct indication of 
force. A point which should be noted here is that with 
direct balancing, i.e., weight and arm, the location of 
the point of application of the force does not move, but 
with the weighted pendulum a small movement takes 
lace. 

3 This system of force and load measurement is the 
most sensitive and accurate employed at the present 
time and is generally used on dynamometers and com- 
pression and tensile testing machines. It is very 
reliable, not prone to variations (temperature, atmo- 
spheric changes) and requires negligible attention. 
Against this it is very bulky and not portable; each 
unit must be designed to suit a particular application. 
Also there is no power output from the force indicating 
mechanism which could be used to control other 
variables relative to the force being measured. 


Advantages 

(a) First-class accuracy and sensitivity 

(b) Long-term reliability requiring negligible main- 
tenance 

(c) No movement or very little movement of point of 
application of force 

(d) Immune from temperature variations 

(e) No power supply required 

(f) By the provision of simple dampers oscillating 
loads of high frequency and low amplitude can 
be measured 

(g) Very wide load ranges with little loss of accuracy. 


Disadvantages 

(a) Fairly expensive 

(b) Not adaptable or portable—must be tailored to 
suit a particular application 

(c) Not suitable for remote indication of load 

(d) Load cannot easily be recorded, certainly not 
without some loss of sensitivity 

(e) No power output from force indicating mechan- 
ism 

(f) Bulky—cannot be used at several points placed 
close together. 


~~ 


(ii) Force Displacement 

In this method the force to be measured is opposed 
by some elastic component which is deflected or strained 
by it and as the magnitude of the strain is proportional 
to the force, a measurement of it will, after suitable 
calibration, indicate this force. It is by far the most 
versatile of all force measuring techniques and with the 
advent of strain gauges and displacement transducers 
new applications are continually being found for it. 
All methods of force measurement, other than gravity 
balancing, employ this principle in various forms as 
will be seen later. 

There are two basic factors to be considered. One is 
the method of measuring deflection and the other is the 
form of the component being strained or deflected. 
Development of the former governs the design of the 
latter to a very great extent. The very simple type of 
load cells working on this principle employ springs 
and the measurement is visual by means of a pointer 
ona scale. Because the measurement is visual deflec- 
tion has to be very extensive to enable a reasonable 
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Fig.1. Load ring de- 
signed for tensileload 
measurement. Deflec- 
tion of the ring is 
measured by the cen- 
trally mounted dial 


gauge. 


O 


degree of accuracy to be attained and this large deflec- 
tion is a serious disadvantage in the more advanced 
type of laboratory work. To improve this state of 
affairs the deflection can be greatly reduced by using 
much stiffer springs and using mechanical magnifica- 
tion of deflection by linkage mechanisms and gearing. 
Even stiffer springs such as a ring or a simple beam can 
be used and the deflection measured by dial gauges 
(Fig. 1). 

Electrical methods can be employed in the form of 
variable potentiometers actuated by suitable linkages 
allowing remote indicating and recording but moderately 
high deflections, say ;/; in., are still required. With the 
development of strain gauges and displacement trans- 
ducers which are both capable of measuring very small 
deflections accurately the force displacement principle 
is becoming very highly developed and is capable of 
measuring almost any type of force. 

It will be realised that different types of force dis- 
placement measuring devices vary very considerably 
so it is proposed to divide them into four classes. These 
are visual and mechanical measurement, variable 
potentiometer, displacement transducer and electrical 
resistance strain gauges. The four principles will be 
described together with advantages and disadvantages 
as follows. 


Visual and Mechanical Deflection Measurement 

The spring balance is the most simple example of this 
principle. By manufacturing a high quality helical 
spring of a known rate, enclosing it in a graduated tube 
and attaching a pointer to one end of the spring, a very 
cheap force measuring device can be produced. If the 
spring rate is considerably increased and linkages and 
gears used to magnify the deflection, a dial type force 
scale can be devised and the displacement of the force 
greatly reduced. These types of force measuring devices 
can be purchased as standard at no great expense. 

In order to reduce the deflection even more, the spring 
can be made in the form of a simple beam, cantilever, 
ring (loaded along a diameter), etc., giving deflections 
in the region of 1/100 in. to 1/20 in. and measuring the 
deflection very accurately by means of dial gauges. 
Load cells of this nature are also available on the 
market. 
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Another method of measuring these very small 
deflections is by the use of a piston and cylinder filled 
with liquid and connected to a narrow bore glass tube. 
Small movement of the piston causes a large movement 
of liquid in the glass tube, the piston being connected 
to the deflecting part of the spring. The glass tube is 
laid along a graduated scale. 


Advantages 
(a) Inexpensive 
(b) No power supply required 
(c) Reasonably adaptable—can be used in any 
position 
(d) Immune from normal temperature variation 
{e) Can be purchased as proprietary items. 


Disadvantages 


(a) Cannot be indicated or recorded at any distance 
from the point of application 

(b) In the more simple spring balances the deflec- 
tion is very high, anything from } in. to 12 in. 

(c) Not ideally suitable for recording although with 
special linkages it is possible 

(d) Only moderately accurate in the simpler forms 
but fairly good in the more advanced forms. 
Inaccuracies due to friction of moving parts in 
the large extension ones and due to instrument 
error in the small deflection ones. 


Variable Potentiometer Type 

The use of variable potentiometers is an adaptation 
of the normal spring deflection types to enable the load 
to be remotely indicated and recorded. A potentio- 
meter, usually designed for each particular application, 
is attached by linkages to the spring and a voltage 


* applied across it. Changes in the voltage are indicated 


as the force being measured. Compensation can be made 
to ensure immunity from supply voltage variation. 
A fair amount of deflection is required, say ;'5 in., to 
give a reasonable scale length. Due to the mechanical 
resistance imposed by the potentiometer very light 
loads cannot be indicated in this way. There are 
several sources of error and overall accuracy is not good. 


Advantages 

(a) Remote indicating and recording at no great 
expense 

(b) Can be used in restricted spaces being dimen- 
sionally fairly small 

(c) Immune from normal temperature changes 

(d) By bridge balance circuitry output can be used 
to control other variables relative to force being 
measured. 


Disadvantages 

(a) Not exceptionally accurate, frictional errors in 
moving parts, potentiometer inaccuracies, elec- 
trical measuring instrumentation inaccuracies 

(b) Normally used for tensile loads but can be 
designed for compression loads using low 
friction guides in which case further inaccuracies 
occur 

(c) Electrical power supply required 

(d) A fair amount of deflection is required. 
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Displacement Transducer Type 

The displacement transducer is a very accurate and 
sensitive electrical device for measuring small mechani- 
cal movements. It is also very small, normally around 
2 in. long by # in. dia. (or less), with moving parts of low 
mass and is sold on the market as a proprietary item. 
The most common type works on the differential trans- 
former principle, i.e., a primary coil is wound on a 
non-magnetic tube surrounding a soft iron core and 
there are two secondary coils, also wound on the tube 
and connected in opposition. An a.c. supply is fed to 
the input coil and any movement of the soft iron core 
throws the output out of balance, the amount oi un- 
balance being proportional to the movement. An 
alternative type works on the variable capacity 
principle. The transducer is held stationary in close 
proximity to the moving component and a probe on it 
acts as one half of a variable condenser, while the 
component acts as the other half. Variation in capacity 
is measured and is proportional to movement. 

These transducers are extremely accurate and their 
ranges, full scale, vary from a few thousandths to a 
quarter of an inch. By designing a beam, ring, stiff 
spring or other form of elastic component where deflec- 
tion need only be slight, a load cell of great accuracy 
can be achieved (Fig. 2). The output from the trans- 
ducers is of sufficient power to operate a recorder in 
addition to an indicator without a great loss in sensiti- 
vity and accuracy. They are much more accurate when 
designed for tensile loads as any misalignment in the 
line of action of the force is not easily compensated due 
to the very small deflection. They can be bought on the 
market as a proprietary item. 

For tensile load measurement in the laboratory, 
they are probably the most accurate type uf mcasuring 
device in use (excluding gravity balancing) for forces up 
to and around five tons. For larger loads the deflecting 
member tends to become rather large and unwieldy. 


Advantages 


(a) Not affected by small temperature variations 

(b) Force can be remotely indicated and recorded 
very accurately 

(c) Accuracy is first class 

) Output can be used to control other variables 

relative to the force being measured 

) Fairly adaptable, can be used in any position 

f) Due to the sensitivity of the transducers and pro- 

viding that a reasonable deflection, say 0-030 in. 

is available, the range can be changed electrically, 

so enabling forces to be measured accurately 

over very wide ranges 

(g) The load cells themselves can be changed and 
replaced easily, thus extending the ranges still 
further. The electrical output is arranged to 
remain unchanged so that a common indicator 
can be used 

(h) Deflection under load not excessive 

(i) Can be bought as a proprietary item 

(j) The forces measured by several cells can be indi- 
cated on the same instrument by multi-way 
switching 

(k) Can be used to measure high frequency oscillating 
loads. 
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Fig. 2. Tensile load cell in which deflection of the central 
steel member 1s measured by the displacement transducer 
mounted above it. It is manufactured by Boulton Paul 
Electronics 


Disadvantages 
(a) Expensive 
(b) When load is oscillating care needs to be taken 
and very often dampers will be required 
(c) Great care needs to be taken to ensure that the 
line of action of the force is in perfect alignment 
(d) Power supply required 
(e) Fairly bulky 
) 


~~ 


f) Leads must be screened and if excessively long, 
provision must be made to reduce error. 


_— 


Electrical Resistance Strain Gauges 

These devices were originally developed to measure 
strain on the surfaces of stressed components and thus 
give an indication of the nature of the strains imposed. 
There are two main types, wire and foil. The wire type 
consists of a length of wire folded in the form of a zig- 
zag with the loops lying parallel and very close to each 
other (Fig. 3). It is then sandwiched between two thin 
films of plastic or paper and secured with the two ends 
brought out. This assembly forms in effect a leaf of 
plastic or paper in which are embedded a number of 
very fine wires running parallel and connected in series 
end to end. Sizes of the assembly vary but are usually 
in the region of 1 in. to 2 in. long. The strain gauge is 
then cemented to the component which is to be strained 
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with a cement giving perfect adhesion over the whole 
sur.ace and with the wires running longitudinally in the 
line of action of the stress. When the component is 
subjected to stress and consequently strain, the gauge 
follows this strain, and the wires suffer an increase in 
length and subsequently a decrease in cross-sectional 
area. Both these changes increase the electrical 
resistance. If therefore a voltage is applied to the gauge 
the current will decrease with an increase in resistance 
caused by mechanical strain. This change in resistance 
is directly proportional to strain and can be indicated 
as such on the instrument. An alternative to the use of 
wire in these gauges is that of using foil and, while 
working on the same principle, has certain practical 
advantages. 

It will be understood from this description that 
strain gauges have extremely varied applications. They 
can be used to measure stress in almost any stressed 
component from a bridge structure to a sensitive 
diaphragm. However, we are concerned here only with 
their uses in load cells and, because of their simplicity, 
suitable load cells can be designed to measure any type 
of force and still be extremely simple mechanically. 

As in the case of displacement transducers, the load 
cell need consist only of an elastic component designed 
so that when loaded within the range required, the strain 
will be of suitable magnitude to be measured by strain 
gauges. The shapes of the load cells are very varied but 
can normally be designed much smaller and more 
compact than any other type. Very briefly a simple 
tensile type consists of a rod or strip with strain gauges 
cemented to the sides and a compressive one is normally 
a tube (to give rigidity) again with strain gauges on the 
sides. Because of out of alignment of the force strain is 
usually much more severe on one side of the rod or tube 
(far more so in the case of the tube than the rod) than 
the other and to compensate for this, several gauges are 
employed equally spaced round the tube or rod and 
wired in series. This very effectively eliminates error 
due to misalignment and adds greatly to the merits of 
strain gauge load cells. 

The surface strains imposed must be well within the 
elastic limit of the material and as this gives a very small 
displacement great care is needed in ensuring that the 
correct strains are measured. Also the electrical signal 
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Fig. 3. Compressive 
type load cell using four 
strain gauges. They are 
attached longitudinally 
on the outer surface of a 
steel tube and wired in 
sertes 
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is of low power and needs amplification. For these 
reasons this type of load cell is not as accurate as the 
transducer type (differences of opinion exist here) but 
it is very much more adaptable and universal in its uses. 


Advantages 

(a) Not affected by normal temperature variation 

(b) Force can be remotely indicated and recorded 

(c) Output, after amplification, can be used to 
control other variables relative to the force 
being measured 

(d) Extremely adaptable and versatile—can be used 
in almost any location 

(e) Relatively inexpensive load cells 

(f) Load cells can be changed and replaced easily, 
thus extending ranges to be measured. The 
electrical output is arranged to remain unchanged 
so that a common indicator can be used 

(g) Deflection under load very small 

(h) A certain amount of latitude is allowable in the 
alignment of the force as errors can be cancelled 
out using a number of gauges on the elastic 
component 

(i) Can be bought as a proprietary item 

(j) Forces measured on several cells can be indicated 
on the same instrument 

(k) Load range limitless. 

Disadvantages 

(a) Indicating and recording gear can be expensive 

(b) When load is oscillating care needs to be taken 
and very often dampers need to be provided 

(c) Mechanical displacement is extremely small and 
while this is a good thing from the practical 
viewpoint, it can be difficult to relate it directly 
to the stress applied and also to measure it 

(d) Electrical signal is very small and needs ampli- 
fication 

(e) Power supply required 

(f) Leads must be screened if a.c. is used and if 
excessively long provision must be made to 
reduce error. 


(iti) Pressure Measurement 

By causing the force to be measured to create a 
hydraulic pressure proportional to it, and measuring 
this pressure, an indication of this force can be achieved. 
Alternatively if the force to be measured is applied 
by means of hydraulic or pneumatic pressure a measure 
of this pressure will again indicate the force. The latter 
condition is rather limited and prone to several dis- 
advantages such as inaccuracies arising due to friction 
of seals in the system and it is not portable. The former 
case is more the concern of this article. 

The early types of hydraulic load cell consisted simply 
of a piston and cylinder filled with liquid. Force on the 
piston created a pressure on the liquid in the cylinder 
which was measured by either a Bourdon tube, dia- 
phragm or bellows-type pressure gauge. The two basic 
disadvantages were friction on the cylinder walls and 
loss of liquid due to the difficulty of providing a low 
friction sealing arrangement. One or two types are now 
on the market which largely overcome these problems. 
They do, however, tend to create another one and that 
is for accurate operation very little movement can be 
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Fig. 4. Hydraulic load cell using annular piston and 
cylinder. The liquid under compression ts totally enclosed 
in an endless tubular rubber bag. It is manufactured 
by The Statimeter Co. 


tolerated between the piston and cylinder and whilst 
this is desirable in that the point of application of the 
force moves very little, it is difficult to attain this con- 
dition. The pressure measuring instrument must have 
negligible volumetric change and this means that a 
Bourdon tube type must be employed. The liquid used 
must have all “dissolved” air removed and must be 
entirely free from air pockets. Great care is, therefore, 
required in connecting the load cell to the Bourdon 
tube gauge and the problem increases with distance 
between load cell and gauge. It also increases if 
additional gauges or a recorder is included in the system. 

This type of load cell does, of course, work on the 
compression principle, which means that generally the 
force to be measured must be in perfect alignment. 
There is, however, one type of load cell on the market 
which largely overcomes this problem. 

One advantage of the hydraulic force measurement 
principle is that it is self-damping and high frequency 
oscillating forces are measured as the average force 
which is the usual requirement (Figs. 4 and 5). 

To facilitate force range changing to a large extent 
and to improve remote indicating and recording a 
Bourdon tube gauge can be fitted close to the load cell 
and an electrical displacement transducer (or strain 
gauges) used to measure and record the movement of 
the tube. This, of course, greatly increases the cost. 





Fig. 5. Hydraulic load 
cell with piston bonded 
inside the cylinder by a 
thick rubber sheath. This 
allows for a fair amount 
of misalignment and is 

















Advantages 
(a) In their more simple form these load cells and 

indicators are inexpensive 

) Hydraulic load cells are self damping 

(c) Response time is very fast. This shows to 
advantage when recorders are used 

(d) No power supply for the more simple type 

{e) Very robust 

(f) Very little deflection 

(g) Good accuracy 


Disadvantages 

(a) Several sources of error can exist—friction in 
certain types—mechanical errors in gauges— 
electrical errors in gauges—errors due to liquid 
expansion caused by a rise in temperature when 
subjected to heat 

(b) For remote indication hydraulically, long pipes 
are not always convenient 

(c) Piping even though it is flexible can cause 
resistance to motion and can limit the 
manoeuvrability of the load cell 

(d) Ranges cannot be easily changed 

(e) Air, either “dissolved” or in bubbles, cannot be 
tolerated and great care is required to exclude it 

(f) Hysteresis is present 

(g) Rather large dimensionally. 


(iv) Air Balance 

The force to be measured is balanced by air pressure 
in an air balance diaphragm valve and measured by a 
pressure gauge (Fig. 6). This is accomplished by arrang- 
ing the point of application of the force to rest on a dia- 
phragm, whose movement is limited by stops. When the 
diaphragm is depressed by the force, a small needle 
valve opens and air is fed to the underside of it. The air 
gradually increases until the pressure is sufficient to 
raise the diaphragm against the applied force. When 
this happens the valve closes and the force is just 
balanced by the air pressure. If the force decreases the 
diaphragm rises and another valve lets air escape until 
the state of equilibrium is once more achieved. By this 
means the force being measured is always just balanced 
by an air pressure on the opposite side of the diaphragm 
to it. Knowing the area of this diaphragm the pressure 
is measured by a pressure gauge and so the force can 
be indicated. 

The pressure gauge can be of any form and can be 
arranged to give direct indication or it can be fitted 
with a variable potentiometer or a displacement trans- 
ducer to give remote indication and control. A recorder 
can be fitted; either a Bourdon tube type recording the 
pressure direct or an electrical type. This pressure 
measurement and recording is, in fact, comparable with 
pressure measurement in the hydraulic type load cells 
and can be handled in the same way. 


Advantages 
(a) Friction of movement is negligible as it is self- 
balancing 
(b) Relatively inexpensive 
‘(c) By providing a damper on the balance valve 


also frictionless itself, force oscillations are damped out 
(d) Because the air balance supply is always “on 
tap”, there is no problem due to volumetric 
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Fig.6. Air balance type load cell. 
applied, the diaphragm 1s deflected downwards opening the 
awr inlet valve until the air pressure beneath the diaphragm 
balances the force. If the force decreases, the diaphragm 
rises and opens the air outlet valve until balance 1s again 
restored. Air pressure is proportional to tke force 


When a force is 


changes in the pressure gauges as is the case with 
the hydraulic type. Also for the same reason 
rubber and other very flexible tubing can be used 
to connect the balance valve to gauge and 
recorders. Any number of these can be used 
Changing the balance valve or any other item 
and general maintenance is much more simple 
than the hydraulic types as the problem of 
exluding air bubbles does not exist 
(f) Not affected by normal temperature changes. 
Disadvantages 
(a) Air supply is required 
(b) Hysteresis is present 
(c) For remote indication pneumatically, long pipe 
lines are not always convenient 
Ranges cannot be changed 
It is primarily a compression type load cell and 
a special housing is required to accommodate 
tensile loads 
Several causes of error can exist—a diaphragm 
is not a perfect piston—mechanical errors in 
gauges—electrical errors, when electrical instru- 
ments are used 
Point of application of force can wander slightly 
due to the movement necessary to operate the 
air inlet and outlet valves 
The diaphragm can rock easily and so point of 
application of the force must be constrained in 
the correct path 
(i) The air pressure available limits the force which 
can be measured and as this pressure is normally 
a maximum at 80 lb/in?, the diaphragm valve 
is large compared with other types. It is only 
really practical for smaller loads up to 3,000 Ib. 
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Summary 
Even though the field of engineering sciences involved 
in measuring forces is extremely wide the basic 
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principles involved are very simple. These two basic 
principles are gravity balancing and force-displacement. 
The choice between them is usually fairly obvious and 
the detailed investigation really starts when deciding 
how to balance the force, how to create a mechanical 
displacement and how to measure it. The various 
methods described are those employed at the present 
time and an attempt has been made to classify them. 
It should be mentioned here, however, that in the more 
complex projects various techniques may be employed 
and combined together even more than has been 
suggested. 

The choice tends to be governed to a large extent 
by personal opinions and preferences. This is not a 
good thing and all the facts of each case should be 
thoroughly investigated and balanced one against the 
other in order to reduce it to a minimum. 





BOOK REVIEW 


Continuous Analysis of Chemical Process Systems 


By S. Suggia. John Wiley. (Available via Chapman 
and Hall.) 381 pp. 1959. 60s. Od. net. 

Quoting from the author’s preface, the book is a 
compilation of the existing information concerning 
available instruments for continuous analysis of 
components in chemical process systems. It has been 
written mainly from information found in technical 
bulletins of instrument companies, and the presentation 
is in the form of a method of operation, a specification 
and typical applications for each instrument included. 
One or more line diagrams are added for each descrip- 
tion. There are, in all, 25 chapters, headed Introduction, 
Setting Up Continuous Plant Control Facilities, Refrac- 
tive Index, Density and Specific Gravity, Viscosity 
Measurement, Infra-red Absorption, Ultra-violet Ab- 
sorption, Visible Absorption, pH and Potentiometric 
Measurements, Electrical Capacitance or Dielectric 
Constant, Electrical Conductivity, Coulometry, X-ray 
Fluorescence, Vapour Chromatography, Mass Spectro- 
metry, Thermometric Analysers, Thermal Conductivity, 
Gas Analysis Using Sonic Velocity, Determination of 
Water-Moisture-Humidity, Oxygen, Carbon Dioxide, 
Combustibles (including Hydrogen), Water Hardness, 
Automatic Chemical Analysis, Instruments in the 
Research or Development Stage and Addresses of 
Manufacturers. The last-named section contains only 
the addresses of manufacturers mentioned in the text. 

A few British and Continental instruments are 
included, but the majority are of American origin and, 
in fact, of specific American manufacturers. This may 
tend to detract from the nature of the book to British 
readers. 

The book includes no basic theory of the phases of 
continuous analysis nor of the advantages or dis- 
advantages of the different patterns of instruments 
described. In other words, it is essentially factual in 
nature, as indeed it is designed to be. 

It would seem that the book is written mainly for 
American readers and its high price (60s. Od.) may 
restrict its sales in this country. 
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At the recent Fourth Clerk Maxwell Memorial Lecture, Dr. V. K. 
Zworykin, the Director of the Medical Electronics Centre, N.Y., spoke 
of “‘The Human Aspect of Engineering Progress’. One of the topics 
covered in this lecture was electronic methods of lessening traffic 
accidents, and some of Dr. Zworykin’s comments on this subject are 
given below. 


Electronic Means for Lessening Traffic Accidents 


T the high speeds which are regarded as nominally 
safe on the improved highways, the reaction time 
of the driver forms a safety limitation. It has been 
found that the most common form of fatal accident 
(in the U.S.A.) was by rear end collision. Drowsiness 
and inattention caused by turnpike driving is likely to 
lengthen the reaction time of the driver, and the distance 
which the car advances at undiminished speed upon a 
stopped or slowed vehicle ahead of it decreases. The only 
practical way of preventing accidents of this type 
consists in eliminating the driver’s reaction time from 
the response of the car to an altered traffic situation 
ahead of it. The elimination of the human factor from 
a mechanical operation, which is what is required here, 
is the same type of problem which the electronics 
engineer encounters in the design of electronic controls 
for industrial automation. There is thus good reason 
to believe that his skills can make a material contribu- 
tion to the reduction of the accident toll. 


Features of the Control System 
Investigations were initiated over six years ago and 
the conclusion was soon reached that individual devices 
attached to the car, such as anti-collision radar, 
ultrasonic devices, and infra-red detectors, would not 
accomplish our objective. Instead, the essential 
features of a satisfactory control system could be 
realised only with the primary installation in the road 
itself, under the skilled supervision of highway con- 
struction and maintenance personnel. 
The essential features of the control system are 
(1) means for keeping the car in its lane; 
(2) means for preventing the car from colliding with a 
vehicle ahead of it; and 
(3) the possibility of introducing improvements in 
roadways and vehicles gradually, permitting cars 
with and without control equipment to use roads 
with and without control installations, without 
detracting from the safety of any vehicle. 
Each of the first two features, guidance and collision 
prevention, implies the existence of a _ separate 





* Permission to publish this extract has been given by the 
Editor of J. Brit. I.R.E. 
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automatic control system. The third feature, which may 
be called compatibility, imposes conditions on the 
nature of these separate automatic control systems. 

The problem of providing guidance is relatively 
simple. In the system devised it is solved by the inser- 
tion of a cable carrying high-frequency current in the 
centre of the traffic lane. Simple detectors mounted on 
the car then provide control signals to the steering 
mechanism which will keep the car centred on the lane. 
The assigning of different frequencies to different lanes 
provides, at the same time, a method for route selection. 

Collision prevention is a more complex matter, since 
it involves the interaction of two vehicles with the road 
as intermediary. The road itself must be the agent for 
transmitting the signal from the car ahead, which may 
or may not be equipped with control devices, to the 
electronically controlled car under consideration, since 
the signal must be unaffected by curves and hills. 
Furthermore, the active source of the signal must be 
within the road since a perfectly passive, unequipped 
vehicle must make its presence and relative speed 
known to any equipped vehicle following it. The 
equipment of the controlled car must consist of a 
detector for the warning signal, and a servo system for 
adjusting the car speed in response to it. 

The road installation for collision prevention has 
thus the joint function of detecting vehicles at any point 
along the road and of generating warning signals over a 
prescribed distance of road behind every detected 
vehicle. The detection is accomplished in this system 
by a sequence of wire loops embedded in the surface 
of the highway. The loops are about the size of a car 
and spaced a few feet apart. As a vehicle passes over 
any loop, the inductance of the loop is altered by the 
metal of the vehicle. This change is detected by an 
electronic circuit placed alongside of the road. 

In response to the change in inductance of the loop 
a “flying tail’’ of electromagnetic warning signals, 
decreasing in amplitude with distance, is generated 
behind the vehicle. This is received by a following car 
provided with the proper equipment and will act on its 
accelerator and brakes whenever the separation of the 
cars falls below a maximum permissible value estab- 
lished for the absolute and relative speeds. 
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Cornpatibility 

lhe third feature of the system, compatibility, is best 
illustrated by visualising three stages in its develop- 
ment. In the first of these only the roadway is modified. 
The vehicles are completely unequipped. Detectors in 
the roadway actuate warning lights on the side of the 
road which indicate to the driver the presence of a car 
ahead of him in his own lane or of other vehicles 
approaching in the opposite direction. Such arrange- 
ments are of special value wherever visibility is obscured 
by a curve, a hill, or some other obstacle and may be 
equally useful in areas subject to fog or smog. 

In the next stage, some or most of the vehicles are 
equipped with detectors for the warning or guidance 
signals, controlling visual or auditory indicators within 
the cars. The series of lights by the side of the road are 
now supplemented or replaced by the automatically 
generated flying tail of electromagnetic signals which 
has already been mentioned. Both detecting the 
vehicle ahead and maintaining the car centred in the 
lane remain possible even under conditions of extremely 
bad visibility. 

In both these stages the driver continues to exercise 
the essential function of controlling his vehicle in 
response to information supplied by the control system. 
In the third, fully automatic stage, this function is 
assumed by servo systems acting on the steering and 
speed-control mechanisms, responding directly to the 
guidance and collision prevention signals. Thus, as long 
as the vehicle is within the electronically controlled 
road system, the driver is relieved of his responsi- 
bilities and the vehicle proceeds along a preset course. 
When the vehicle leaves the controlled road system, it 
shifts back from automatic to manual control. The 
situation is essentially similar to the piloting of long- 
range aircraft, where the autopilot may take over the con- 
trols except near take-off and landing. 

In practice, the three stages of development which 
have been described may be expected to co-exist for 
many years. Vehicles in all stages of automation may 
be expected to use the highways simultaneously. 
Compatibility has been built into the system in such 
a fashion that this leads to no difficulties. 


Road Installation 

The general plan of the road installation for a single 
traffic lane is indicated in Fig. 1. The detector loops, 
which are its most prominent feature, may be cast with 
the concrete in new roads or inserted by a diamond-saw 
technique in the finished pavement. Phase changes in 
the loop current, resulting from the presence of a car 
above the loop, effect the opening of a gate in the control 
unit which applies a frequency modulation signal to the 
high-frequency currents continuously fed to a sequence 
of short wire antennae buried in the roadway. The 
modulation control signal is propagated rearward with 
exponentially decreasing intensity along a line of 
diodes, so that the modulation of the antenna currents 
shows a similar exponential decrease with distance 
from the car influencing the loop currents. This modu- 
lation constitutes the flying-tail signal. Following cars 
equipped with detectors can infer the distance of the 
vehicle ahead from the amplitude of the modulation. 
In a fully-controlled vehicle an electronic computer 
derives control signals for the acceleration and braking 
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mechanism from the modulation amplitude, its rate of 
change with time, and the speed indication of the con- 
trolled car. 

Control signals for the steering mechanism of a con- 
trolled car are derived from a pair of tuned antennae 
mounted on the left and right of the front bumper. 
The difference in the current induced in the two an- 
tennae determines the correction applied to the 
orientation of the front wheels. Thus, with properly 
stabilised servo controls, the controlled car proceeds 
down the centre of the lane without wavering unless 
the driver takes deliberate action which supersedes the 
automatic guidance mechanism. 


Additional Uses of the System 

There are a number of incidental advantages ob- 
tained with the system as described. The cables in the 
road traversed by high-frequency currents provide a 
convenient communication system for the highway 
authorities and the driver. By means of it, the driver 
may be advised of adverse road or weather conditions, 
special events, facilities provided for his comfort, and 
other items contributing to his safety and enjoyment. 
Furthermore, the amplitude of the modulations con- 
stituting the flying-tail signal may be adjusted to fit 
the road conditions. When the roads are icy or wet it 
can be increased, so that the spacing between cars is 
increased automatically. In this manner the chances of 
pile-ups resulting from skids may be minimised. 
Finally, the detection of the cars by the loop circuits 
makes it possible for the traffic authorities to obtain a 
complete, instantaneous representation of traffic con- 
ditions over a wide area and to adjust routing instruc- 
tions accordingly. 

The individual components of the system also have 
their special uses. Thus, a pair of loops and detector 
circuits may be employed for measuring the speed of 
passing cars: such a system has been in operation on the 
entrance road to the R.C.A. Laboratories in Princeton 
for over a year, actuating a warning sign whenever a 
car exceeds the prescribed speed limit. Incidentally, 
experience with this system has shown that the 
transistor circuits employed in the detector unit 
function satisfactorily over a wide range of tempera- 
ture and under all weather conditions. 





Fig. 1. Road installation for single traffic lane 
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Another use for the detector units is as traffic 
counters along intersecting roads, providing control 
information for traffic lights, so that the green-light 
periods for each road may be made proportional to the 
relative traffic flow density along that road. A more 
elaborate application is now being worked out for the 
Airways Modernisation Board. The problem is here the 
most efficient routing of planes in airports, after landing 
and before take-off. 


Practical Experience 

The first complete road installation of the system 
was demonstrated in autumn, 1957, in co-operation 
with Mr. L. N. Ress, State Engineer, Department of 
Roads, State of Nebraska. The demonstration was 
carried out on a 300 foot section at a newly-constructed 
intersection in Lincoln, Nebraska. Test vehicles were 
provided with dashboard indicators for the guidance 
and anti-collision signal. With their aid, drivers were 
able to guide their cars along the centre of the lane, 
with speed adjusted to that of preceding vehicles, even 
when the windshield was completely obscured. 

The guidance function has more recently been tested 
by the General Motors Corporation on a full-scale test 
track in Warren, Michigan, with regular Chevrolet cars 
whose power steering was controlled by signals derived 
from two antennae on the front of the car. The 
difference signal, determined by the car position, was 
applied along with a car speed signal from a tachometer 
generator and a signal indicating the orientation of the 
front wheel angle to correct the car path error. The 
signal actuated the hydraulic-power positioning cylinder 
through an electro-hydraulic servo valve. Considerable 
information was gained from the tests with respect to 
the required accuracy of positioning of the guidance 
cable and its preferred form at approaches to curves. 

It is clear that the satisfactory development of this 
or any other traffic control system will demand the 
close co-operation of highway construction engineers, 


the automobile manufacturers, the electronic industry, 
and other groups concerned with traffic problems. With 
this in view, the plan here outlined has been presented 
to numerous groups of engineers and traffic specialists, 
including the Highway Research Board in Washington, 
and a special Conference called by the Safety Education 
Project of Columbia University in New York. The 
Conference recommended further studies and appointed 
a Representative Committee drawn from all interested 
groups to advance the programme. It is hoped that the 
interest evinced by the various groups which have been 
contacted may soon result in the establishment of a 
large-scale test facility. Such a test facility could pro- 
vide the background knowledge necessary for initial 
installations of a control system on our highways. In 
the meantime parallel work has been undertaken by the 
Road Research Laboratory in Harmondsworth, Middle- 
sex, under Mr. C. G. Giles, Head of Surface Characteris- 
tics Section. 


Summary 

In brief, having seen the need of measures to curtail 
traffic accidents and recognised that electronics could 
make a material contribution to such life-saving 
measures, a plan has been worked out for an electronic 
control system which appeared to hold promise for 
attaining our objective. More than that, we have 
designed and constructed essential portions of the 
electronic hardware and subjected them to such tests 
as were within our reach. Finally, to fulfil our social 
obligation in this matter, we have sought the co-opera- 
tion of other groups needed to effect the practical 
realisation of the plan. 

Thus, while electronic control of motor vehicles is 
still far from being realised in practice, we can at least 
look back on a considerable period of experimentation 
and testing and of discussion with other groups con- 
cerned with the problem. 





‘NUCLEONICS’ INSTRUMENTATION 


ECENTLY two ‘Nucleonics’ firms staged shows 
of their equipment and new developments. 

Elliott Nucleonics Ltd. held a three-day exhibition in 
London of their new range of nuclear instruments and 
control equipment. This exhibition was accompanied 
by three lectures, “Transistor techniques applied to 
reactor instrumentation”, “Applications of two-state 
square loop core devices to reactor safety and control 
systems” and ‘‘Theoretical and practical aspects of 
protection against radiation hazards’’. Details of the 
instrumentation shown are given below. 

Plessey Nucleonics Ltd., who are perhaps best known 
for their work in the development and production of 
burst slug detection equipment for power and research 
reactors, now manufacture flux scanning equipment, 
radiation detectors of many types, health instrumenta- 
tion, control instruments using nuclear 


process 
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techniques and the nuclear instrumentation for research 
and power reactors. This range of equipment was seen 
in a tour of Plessey Nucleonics’ new factory extension 
at Northampton, which is described below. 


Elliott Nucleonics Ltd. 
Transistorised Nuclear Instruments 

Elliott Nucleonics are the first firm to apply tran- 
sistors to reactor control instruments. 

Each main equipment is constructed from a series of 
sub-units of standard sizes which are plugged into a 
chassis assembly to form a complete unit suitable for 
P.O. rack mounting. As each sub-unit is designed as a 
separate functional unit various main equipments may 
be built up of different combinations of sub-units. Up 
to six models of a main equipment, such as the scaler, 
are available each offering different facilities to the user. 
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By the use of transistor techniques a significant reduc- 
tion has been achieved in the overall volume. For 
example, the pulse counting channel for a reactor takes 
only 20% of the rack space occupied by equivalent 


thermionic valve equipment. The use of transistors 
has also resulted in a reduction in the amount of heat 
generated by the equipment. In the case of the pulse 
channel referred to, the complete transistor units 
dissipate only 10 W as compared with 500 W or so in 
the case of the equivalent thermionic units. The heat 
dissipated per cubic inch is thus reduced by a factor 
of 10 so that the temperature rise in the equipments is 
extremely small and no external cooling is required. 

The low operating temperature combined with the 
use of solid state devices results in a very high order of 
reliability. The sub-units are of simple but rugged 
construction and replacement of a sub-unit can be 
readily carried out in view of the plug-in arrangements. 
Servicing problems are thereby eased. 

The equipment normally operates from a 50 cycle 
mains supply but the operating voltage of the transistor 
units is such that it is practical to operate them from 
battery supplies which offers a useful feature in reactor 
control systems. In the transistor reactor instruments, 
which are part of the reactor safety system, failure to 
safety requirements have been completely fulfilled and 
failure of transistors, power supplies or components 
cause the unit to fail to an alarm condition. 

The present range includes the following instru- 
ments of which some are available in different func- 
tional models. 


Comprehensive Scaler ND1571 


ss Deviation Meter ND1611 

ee Shut-down Amplifier ND1621 

o Rate and Period Meter ND1581 

ss Logarithmic d.c. Amplifier and 


Period Meter ND1631 
Micro-Microammeter ND1601 
E.H.T. Supply ND1591 
Gamma Compensated Ion Chamber E.H.T. Supply 
ND1671 
D.C. Trip Amplifier ND1231. 


Control Rod Mechanism 

A control rod mechanism for the advanced gas- 
cooled reactor at Windscale has been designed by 
Elliott Nucleonics and a prototype was shown. The 
design requirements for the mechanism included: 
fitting a standpipe of 5-62 in. bore, and operating in an 
atmosphere of carbon dioxide gas at a pressure of 
270 p.s.i. and a temperature of 150°C at the winding 
position. The conditions for emergency drop are that 
the rod should fall under gravity through the normal 
operating distance of 14 feet in a maximum time of 5 
seconds, travelling the first 7 feet in less than 1-5 
seconds and braking over the last 7 feet to reach a 
terminal velocity which does not exceed 1 ft/sec. 


Magnetic Core Logical Units 

These units comprising ‘‘and”, ‘“‘or’”’ and memory 
circuits have been designed to carry out logical pro- 
cedures in the same way as do digital computing 
machines. They are completely static devices employing 
no moving parts or contacts. 

Their design is based on a high speed magnetic 
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amplifier circuit using a toroidally wound memory core, 
and input gating is performed by resistors and solid 
state diodes. The system employs no other components, 
and operates from an a.c. power supply, 50 c/s or 
400 c/s being standard. 

The input to any unit is not required to provide 
power to drive the core but simply to operate a gate, 
inputs are therefore accepted in the form of d.c., square 
wave, sine wave, or even irregular shapes provided 
only that their level is adequately high. Output signals 
consist of half sine waves and since these are recognised 
as inputs the units may simply be connected together 
in any arrangement and number. The output is at a 
relatively high power level so that where necessary 
electro-mechanical devices, e.g., printing equipment, 
can be operated directly. 

A demonstration was given of a working model of a 
plant control system which, being supplied with infor- 
mation about the product of a complex plant, such as 
a factioning column in an oil refinery or chemical pro- 
cess plant or a furnace combustion system, continually 
makes decisions as to the desirable or optimum settings 
for the various control devices in order to maintain the 
best output obtainable in circumstances of changing 
input quality. In the demonstration the results of 
these decisions are indicated on chart records. 

The plant is simulated by a resistor network and 
there are three controlled input parameters which may 
be varied by driving the M type motors. These three 
parameters correspond to three set points on con- 
ventional controllers in an industrial plant. The output 
of the network is measured by a Bristol Dynamaster 
recorder. In practice this output might be derived 
from a flow, or a quality measurement or, alternatively, 
a product or sum of two or more readings; it is this 
reading measured by the Dynamaster which the 
optimising unit seeks to maximise in this case. 

An Elliott Giannini disc encoder is mounted on the 
shaft of the Dynamaster and this provides a digital 
measure of the output reading. The optimiser operates 
by observing the reading from this disc and then 
altering one of the input parameters. After a waiting 
time determined by the nature of the plant the disc is read 
again and the result will either show an improvement in 
output, no change, or a deterioration. If an improvement 
or no change is obtained a signal is stored to continue 
altering this input in the same direction, if a deteriora- 
tion is obtained a signal is stored to reverse the direction 
of change. The same procedure is now repeated, either 
on the same control or the next control in order depend- 
ing on the strategy adopted. 

The optimiser is thus continually searching for 
improved performance. It is normally expected to work 
as a trimmer on settings which are already approxi- 
mately correct and it will provide a means of varying 
these settings to allow for weather, changes in input 
qualities and other uncontrolled factors. The effect of 
noise at these high levels will be considerable but even 
if wrong decisions are sometimes made by the optimiser 
the effect will be small and lost in the much greater 
number of correct decisions which will lead to improved 
plant performance. 

This demonstration was particularly interesting as it 
illustrates a step towards the complete automation of a 
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complex continuous process and the system could 
readily be applied to existing plant. 


Moisture Monitor and Leak Detection Equipment 


Elliott’s have an agreement with Consolidated 
Electrodynamics Corp., U.S.A., to sell some of their 
moisture and leak detection equipment under licence 
n this country. Elliott’s will at a later stage be under- 
taking the manufacture of this equipment. The process 
moisture monitor is designed for continuous in-plant 
moisture measurement of process streams, and accurate 
measurements down to 1 p.p.m. are possible. 

The analysis is accomplished by continuously and 
quantitatively absorbing and electrolysing all water 
present in a sample stream entering the instrument. 
The electrolysis current, which is related directly by 
Faraday’s Law to the mass rate-of-flow of water into 
the instrument, is used as the indication of water 
content. Because changes in sample-flow rate as well 
as changes in concentration affect the mass rate-of-flow 
of water into the analyser, the flow is kept constant by 
using a flow controller. The indicated current is then 
proportional only to the water concentration, con- 
veniently expressed in parts per million. 

The heart of the instrument is the electrolysis cell, 
in which both the absorption and electrolysis take 
place simultaneously. It consists of a tube which has a 
pair of closely spaced platinum wires wound in a 
double helix on its inner surface. The space between 
these wires is coated with a viscous film of partially 
hydrated phosphorus pentoxide. A d.c. voltage is 
applied to the elements of the cell and the electrolysis 
current measured with a multi-range meter. 

Portable instruments for use on gas streams and 
high-pressure moisture monitors for use on high-pressure 
gases (6,000 to 10,000 p.s.i.) based on the same principle 
of operation are also available. 

The leak detector uses a mass spectrometer method 
to detect leaks. The sensitivity is such that the instru- 
ment detects one part helium in 10,000,000 parts air. 
Previous equipment available had a sensitivity of 1 in 
500,000 parts air. 


Plessey Nucleonics Ltd. 

The extension to Plessey Nucleonics’ factory, which 
was opened in July this year by Sir John Cockcroft, has 
nearly doubled the factory area. There is a full range 
of machine and assembly shops with a clean assembly 
area for work in dust-free conditions, and counters and 
radiation studies laboratories. 


Burst Slug Detection Equipment 

The number of reactors at which Plessey Nucleonics 
have installed their burst slug detection equipment is 
most impressive. This equipment samples each of the 
10,000 canned uranium fuel elements every 27 minutes, 
the sample period being 28 seconds during which time 
the count is integrated by a Plessey ratemeter. As an 
additional precaution to the individual sampling of each 
uranium canister, one of the 11 precipitators is used for 
bulk sampling and the system is so arranged that 
samples from each area are counted every 44 minutes, 
thus permitting a general alarm to be established in 
less than 5 minutes from the occurrence of a canister 
puncture. 
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Ten burst slug detection prectpitator units being assembled 
in the clean area (dust free) of Plessey’s Northampton 
factory 


The components for burst slug detection equipment 
are all manufactured under dust-free conditions. 


Radiation Monitoring Equipment 

The range of radiation monitors includes a low 
energy gamma ray monitor for the detection of quanti- 
ties of plutonium around the Maximum Permissible 
Body Burden (M.P.B.B.). Detection is accomplished 
by measurement of the low energy (17 KeV) gamma 
rays emitted by plutonium 239. This makes it a much 
more versatile instrument than those depending on the 
detection of alpha-particles, whose maximum range is 
only about 45 microns in flesh—less than two- 
thousandths of an inch. 

Radiation monitors have been developed to measure 
general contamination, radioactive contamination in 
food and to measure background levels of radiation. A 
radiation monitor has been developed for the Milk 
Marketing Board which can be used by unskilled person- 
nel and can operate in a contaminated area. The 
monitor developed for the Water Board uses an ion 
exchange resin bed for the extraction of radioactivity 
and a detector in the resin measures the total activity 
accumulated since measurement started. 





Reactor Instrumentation 

The reactor instrumentation manufactured by the 
company consists of the detectors for examining thermal 
neutron flux and the associated electronic safety and 
measuring equipment. Complete instrumentation in 
general consists of: low-level pulse counting channels: 
intermediate level logarithm d.c. channels; high level 
logarithm d.c. channels; shut down channels; a high 
power linear channel and a drift channel. 


Counters and Radiation Studies Laboratories 

The main function of the Counters Laboratory is the 
development of specialised radiation detectors. It 
handles the construction of prototypes and small 
production orders for detectors designed specifically 
to meet customers’ requirements. Much of the work of 
the Radiation Studies Laboratory is for government 
departments. The laboratory equipment includes 4 
100-channel pulse height analyser, and an electrostatic 
neutron generator of the Van der Graf type arranged 
to produce 10® neutrons per second. 
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Computer Control 


introduction 


OT every industrial process lends itself to 
N computer control so one of the first considerations 
is to see whether this is the only method by which the 
process operation can be improved. If it is, then the 
second consideration must be whether the resultant 
benefits from improved operation will pay for the 
necessary equipment. 

Until recently control procedures have been chiefly 
concerned with ensuring steady plant operation by 
maintaining constant temperature, pressure, flow rate, 
etc. The reason for a regulatory control system on a 
process is that the process is subject to uncontrollable 
and unpredictable disturbances that force it from the 
desired state. The function of the control system is to 
make changes in the controllable quantities to com- 
pensate for changes in the uncontrollable quantities so 
that the process objectives are continually maintained. 

The process industry has for many years used auto- 
matic regulators and analogue devices for addition, 
subtraction and division in minor loop industrial 
control and it is difficult to distinguish between the 
information processing that these devices perform and 
that performed by the components of a computer. 
Where process efficiency and quality control are con- 
cerned, however, minor loop process control has great 
limitations as the factors leading to efficient control 
cannot generally be measured directly, but must usually 
be determined by combining information from several 
primary measuring elements. The progression in an 
actual plant from manually-controlled independent 
loops to efficient control of the whole process could 
easily result in 50 or more major interacting control 
elements. The need for a compact methodical system 
for making decisions then becomes apparent. 

_ Before automatic process control can be applied to 
individual plant units, let alone to complete plants, 
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the dynamics of these units must be known as well as 
their response to different types of control. This 
information can be obtained either by experiments on 
actual plant-type equipment, or by means of simula- 
tion of the actual equipment by mathematical means, 
i.e., using an analogue computer. One of the main 
reasons for the slowness in applying computers to 
process control is the difficulty in formulating these 
fundamental processes mathematically.(; % 9) 


Objectives of Computer Control 

Having decided that a process will be likely to 
benefit from computer control, the objective of the 
control must then be established. 

Process control computers may be _ subdivided 
according to the objective of the control which may be 
maintaining preliminary setting, maintaining extreme 
parameters, or maintaining optimum parameters. An 
example of computer control operating on the basis of 
preliminary settings is the ‘‘two-time-scale’”’ method of 
control, in which the computer periodically solves an 
equation describing a process, at a much faster rate 
than the process. From the results the future per- 
formance of the process is predicted and the control 
programme worked out. 

Computers for extreme parameter control auto- 
matically maintain the parameter at a maximum or 
minimum value and not at the preset value. Such 
systems are limited to processes which have extreme 
characteristics, for example controlling the heat 
transfer factor in sugar plant evaporators by modifying 
the speed of circulation or relative level of sugar juice 
in the pan. For extreme parameter control an element- 
ary memory and a simple logic usually suffice and 
complex computers are not required. 

When a computer is used for optimum parameter 
control, an expression for the costs and profit of the 
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process are programmed into the computer. The 
computer then predicts the maximum profit consistent 
with the constraints on the system. The controllable 
variables of the system are determined at the maximum 
and the computer adjusts the various set-points to 
move the system towards this maximum profit. 

At the moment optimum parameter control devices 
appear to be the most promising approach. 


Types of Industrial Processes 

Industrial processes may generally be considered as 
being of either batch, continuous or semicontinuous 
type. 

In batch process optimisation, material and energy 
costs are generally relatively independent of processing 
conditions. The major controllable costs are labour, 
overheads and plant investment which all increase 
with time, thus the optimum processing path will be 
the minimum time path. One method of guiding the 
process is by repetitive computation of the optimum 
path. This computation takes place much faster than 
the process, so the optimum path is always extra- 
polated from the present state of the process to the 
specified final state. 

In continuous processes the minimum cost equa- 
tions can be derived by differentiating the cost of pro- 
duction equation with respect to each of the variables 
which can be controlled and putting the partial 
derivatives equal to zero. Application of these opti- 
mising relationships will then keep the system at the 
condition for minimum cost operation. The computer 
determines these optimisation conditions from the 
information fed into it and transmits control signals 
back to the process. During start-up and shut-down 
and during periods of transition from one steady state 
to another, optimum control is based on the same con- 
siderations which govern optimisation of batch pro- 
cesses. 

Semicontinuous processes display both batch and 
continuous characteristics simultaneously. In a typical 
example of a semicontinuous process feed material is 
supplied continuously and the catalyst is replaced or 
regenerated periodically. Production rate depends on 
catalyst activity which decreases with time or the 
amount of material processed. A balance must there- 
fore be maintained between product value and 
operating costs if there is to be optimum process opera- 
tion. Butane isomerisation is an example of such a 
semicontinuous process.‘ 5) 


Off-line and On-line Computers 

In off-line computer control the computer is used to 
provide operating guides for a human operator based 
on information which is fed to the computer from the 
process. A data-logger is usually necessary so that 
information on the state of the process is in a form 
suitable to be read into the computer. Without a data- 
logger information would have to be assembled 
manually from charts and operators’ logs, and entered 
into the computer with resulting time delays and 
possible errors. 

Off-line computers can be a useful preliminary to 
setting up on-line optimising process control as they 
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Off-line computer control 


Fig. 1. 


can provide information on the process and the rela- 
tions between variables which are a prerequisite to 
on-line computer control. 

Fig. 1 shows the arrangement of independent opera- 
tions so that an off-line computer can produce operating 
guides for the human operators. 

With on-line computer control, the computer is 
connected directly to the process via the necessary 
transducers. Information from the process measuring 
instruments is fed into the computer and the computer 
closes the control loop by directly adjusting the set 
points of the controllers. Fig. 2 shows the position of 
an on-line computer in a process control loop. 

T, and T, are pneumatic/electrical and electrical 
pneumatic transducers respectively. Information from 
the process passes via T, (or if already in a suitable 
form directly) to A, the switching and amplifying 
equipment. It then passes through an analogue 
digital, digital/analogue converter to the computer. 
Additional data may be fed into the computer at X i 
the form of punched tape or cards. Data from the 
computer is fed back via the converter to B, the switch- 
ing and memory equipment, and makes the necessary 
adjustments to the set points of the controllers through 
the transducer T,. 
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Fig. 2. On-line computer control 


If information on the state of the process is required, 
either continuously or at intervals, the computer can 
present this information at Y or Z in the form of typed 
data, or punched cards or tape. 

The frequency and variety of the changes of state of 
the process caused by changes in such uncontrollable 
variables as ambient conditions or raw material quality 
will decide whether on-line or off-line computer control 
should be used. Usually only a few uncontrollable 
variables are important in any process; however, the 
changes may be so large that if the process were left 
in one state for a relatively long period (corresponding 
to the time since the last computation by the off-line 
computer) there would be a significant loss in operating 
profit. If the computer tried to print out operating 
guides for a wide range of changes in uncontrollable 
variables, the resulting tables would usually be too 
complicated for the operator to use. In general an 
off-line computer is unsuitable for complicated control 
problems. (4; §) 


Feed-forward and Feed-back Control 

An on-line computer using feed-back to control a 
process measures the process output variables and 
together with other information compares the actual 
performance with the theoretical optimum and then 
feeds back set-point adjusting signals to upstream con- 
trollers so as to maintain optimum process performance. 
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This technique is applicable to processes where the 
relationships between variables is complex and the 
process outputs can be analysed to determine the 
setting of controlled variables. 

In some processes the measurement of product 
quality takes such a long time that the result cannot be 
used effectively for feed-back control ;in these instances 
the feed-forward principle of control is applicable. In 
feed-forward control the computer measures input 
changes, predicts the optimum process operation and 
feeds forward set-point adjusting signals to down- 
stream controllers. The process thus delivers the desired 
output at the desired rate although no measurement 
of this output is made (i.e., feed-forward is not closed 
loop control). Feed-forward control is applicable for 
processes with a long time constant, or for batch pro- 
cesses and reactions where it is not practical to measure 
the output because of the type of measurement or the 
inaccessibility of the stream for measurement. It is 
designed to trim the set points of standard control 
instruments and so obtain the last few per cent of 
process yield, rather than to act as a primary control 
system. Although feed-forward improves control, 
residual deviations in this open loop type compensation 
can only be reduced by feed-back elsewhere in the 
system. The stabilising effect of feed-forward control 
is not so pronounced as that of feed-back.(; 7, 8 9) 


Characterising the Process 

Before a control system can be designed, the control 
relations that it will use must be specified, i.e., which 
variables will be measured and which controlled. To do 
this, process economics, product specification, avail- 
ability of suitable instruments, and equipment limita- 
tions and process bottlenecks must be considered. A 
criterion of acceptable static and dynamic performance 
must also be stated. Specifications for inputs and 
outputs will include average values, ranges, limits, 
waveform, etc. Procedures for normal operation, 
start-up, shut-down and emergency conditions must 
also be considered. 

Among the techniques which have been used success- 
fully to characterise a process are analytical methods, 
exploration of response surfaces, linear multivariable 
systems and statistical correlation. 

The analytical method is the best one if it is possible. 
A complete set of differential equations describes the 
system and its static and dynamic performance at the 
same time. These equations can be solved quite 
straightforwardly by analogue or digital computers, 
the fundamental difficulty being the characterisation 
of the process in terms of its basic descriptive equations. 
In many instances the processes themselves are not 
completely understood. 

When a plant is in existence and the theory of the 
process is not completely understood, an empirical 
approach may be best. The approach is useful where 
steady state relationships are required for non-linear sys- 
tems, but it has the disadvantage of being unable to handle 
dynamics and often there is a lack of direct relation- 
ships between empirically derived coefficients and the 
constants of the physical process equipment. The 
method consists in plotting the response function of two 
factors. This will be of the form of the rolling 
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countryside, and the problem is then to locate the 
maxima and minima. 

Multivariable linear systems may be characterised 
by means of a synthesis technique in which algebraic 
and equivalent open-loop methods are used to effect 
stabilisation and non-interaction. Another approach 
which may be used when the physical and chemical 
data are not available for prevailing plant conditions is 
the statistical correlation of plant operating records. 
By properly correlating output variations with the 
random observed inputs the process characterising 
transfer functions can be deduced. Another method of 
obtaining the transfer functions of linear systems from 
system tests uses a special purpose computer to reduce 
plant test data and thus get direct frequency response 
plots.(, §) 


Optimising a Process 

Having characterised a process the next step is to 
establish the response to be optimised. This may in 
simple cases be maximum production, or minimum 
percentage of impurity, or minimum time necessary to 
return the process to a given equilibrium condition 
after it has been disturbed, or minimum cost, but more 
frequently several such responses may be of importance. 
The optimisation objective must then be expressed in 
terms of cost and of the process variables and the 
maximum profit consistent with the constraints on the 
variables and the relationships between the variables 
determined. 

There are two chief methods for determining optimum 
performance, a direct method where the system 
behaviour is determined by comparing the output per- 
formance with the input manipulations and the direc- 
tion of optimising control determined, and an indirect 
method using a mathematical model of the process. The 
model is manipulated so that its behaviour agrees with 
the behaviour of the system. 


Indirect Method 


The actual processing path is compared with the 
path specified by the model under the same operating 
conditions. Deviations between the two paths are used 
as error signals to correct the parameters of the model 
so that at the operating point process behaviour is 
adequately described. This self-checking technique 
means that a simplified model of the process can be 
used. As the model becomes less accurate, either the 
parameters must be adjusted more frequently, or more 
adjustable parameters must be introduced in order that 
a given performance can be maintained. Thus, pro- 
viding there is an adequate information feed-back to 
the control computer, the effectiveness of control 
becomes much less dependent on the accuracy of the 
model employed, and thus very complex systems may 
be economically computer controlled. 


Direct Method 


The direct approach to process optimising uses the 
computer as an automatic experimenter. The computer 
receives primary measurements, calculates secondary 
characteristics and then changes one or more of the 
primary variables. The effect on the secondary 
characteristics is determined and the procedure 
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repeated until optimum conditions are attained. A 
disadvantage of this technique is that the results of 
some perturbations may be felt for some time, during 
which time the uncontrolled variables may affect the 
system, also where there are a large number of variables 
involved this method is very slow. 

Methods of process optimisation on a plant will 
usually differ from those used in the laboratory because 
on the plant variations must be small so that they do 
not interfere with the smooth running of the plant and 
its productivity. On the plant variations usually 
have to be continued for some time so that their 
effect, if any, can be separated from the inherent error 
of the plant.(2, 20 14, 12) 
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Problem Solving on the Analogue Computer 


This article discusses general applications of an analogue 
computer and then describes six examples, representative 
of the National Bureau of Standard’s technical problems, 
in which the analogue computer has aided research. 


HE National Bureau of Standards maintains an 

electronic differential analyser—more commonly 
called an analogue computer—for the solution of 
problems that arise in connection with the Bureau’s 
scientific programme. It has proved to be a valuable 
research tool because of (1) its ability to accept and 
produce information in the form of continuous plots, 
(2) the rapidity with which set-up and parameter 
changes can be made, and (3) the clear picture of the 
physical relationships that it presents. It permits 
engineers and scientists to simulate complex equations 
or physical problems and save many hours of calcula- 
tion or experimentation, thus freeing the individual to 
pursue more rewarding tasks. 

In scientific researcly, new problems not previously 
apparent, contemplated, or easily solvable frequently 
arise. The solution of one problem reveals the existence 
of other more difficult problems whose solutions require 
the development of sophisticated computation tech- 
niques and specialised mechanical aids. The analogue 
computer, with its wide variety of built-in com- 
putational capabilities, has shown itself to be a power- 
ful and essential aid in furthering scientific research. 

The machine is particularly suitable for handling 
dynamics problems and the linear or non-linear 
differential equations of lumped-parameter systems in 
one independent variable. It can also be used for 
curve-fitting and for analysing a variety of transcen- 
dental, trigonometric, algebraic, and partial differential 
relations. Very large or very small numbers can be 
scaled; answers can be obtained to two and sometimes 
three significant figures. 

The analogue computer is also useful to the scientist 
who wants to simulate quickly some of the processes 
that may occur in an elaborate experiment without 
performing the experiment itself. By analysing the 
results obtained with the computer, he can change 
variables in the simulated experiment to improve his 
design and save the time that might otherwise be lost 
in fruitless preliminary trials in the laboratory. 

The problems worked on the Bureau’s analogue 
computer illustrate the wide variety of mathematical 
and physical processes that the machine can simulate, 
analyse, or evaluate. For example, analysis of a zone 





NOVEMBER 1959 





melting operation required setting up a mathematical 
model of the physical process and then solving the 
equations on the machine. The results indicated the 
optimum heating conditions for a particular metal 
sample. In another case, the machine performed a 
Fourier analysis of some waveforms produced by an 
electronic oscillator; the results enabled the experi- 
menter to select among a set of components the best 
to suit his needs. As a further example, the machine 
manipulated a function of two independent variables 
to produce a set of contours corresponding to that 
function—and then drew the contours on an X-Y 
plotter. These and other problems, representative of 
those solved at the Bureau, are discussed further below. 


Simulation and Zone Melting 

Zone melting is a practical method for preparing 
extremely pure metals in small amounts. The Bureau, 
as part of its standard samples programme, is investi- 
gating this technique to produce ultra-pure tungsten. 

Since even partially purified tungsten is very expen- 
sive, knowing how the material will behave during the 
zone refining process is desirable before trying experi- 
ments. It was not known with certainty whether the 
melting at the narrow heated surface of a tungsten rod 
would proceed axially or vertically, or whether the 
molten portion would adhere or drip off. These con- 
ditions are influenced by heating rate, rod diameter, 
thermal conductivity, emissivity, latent heat of fusion, 
and surface tension. 

Heat flows radially inward and axially up and down 
by conduction; it also flows radially outward by radia- 
tion, at a rate measured by the Stefan-Boltzmann 
fourth-power law. When the melting point is reached 
at any specific location, the temperature rise halts 
briefly while the latent heat of fusion is absorbed, and 
then continues at a slightly different rate. 

The machine must consider the relations between all 
of these numerous variables. All of the variables can 
be assigned numerical values, and the values can be 
inserted into the machine. The course of a typical melt 
can then be followed on the time vs. temperature curves 
drawn by the computer. With all parameters fixed 
except for the heat input, trial runs were made for 
different heat input values until one was found that 
gave a satisfactory time-of-melt for the proper shape 
of melting zone. The procedure was repeated for 
five rod sizes whose dimensions were read in by a simple 
resetting of the dials of the computer. 
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Fourier Analysis 

The Bureau’s electronic laboratories designed a 
crystal-controlled oscillator to have a stable output 
rich in harmonics. Any individual harmonic can be 
selected from the output with an LC filter of appropriate 
design. In developing the oscillator, it was necessary to 
know the amplitude and frequency of the principal 
harmonic components to be sure that the circuit would 
have a useful output signal. Commercial wave analysers 
will provide this information, but only for lower 
frequencies. At the higher frequencies generated by this 
oscillator, only a Fourier analysis of the recorded wave- 
form is possible. 

Selecting a crystal for the most desirable and useful 
harmonic output is a trial-and-error procedure. Twelve 
different crystals were tried, and the waveform 
generated by each was recorded from an oscilloscope. 
To avoid the tedious and not-too-accurate method of 
hand analysis, the curves were analysed by the analogue 
computer to provide a basis for selecting those crystals 
serving best the needs of the equipment designer. 

Fine copper wire, held in place by gummed tape, was 
laid out in the form of one such curve on the table of an 
X-Y function generator. As the X-co-ordinate was 
swept by an analogue voltage, an r.f. head followed the 
wire to determine the Y-voltage. Using the values for Y, 
the computer generated sine and cosine functions and 
integrated the products to find a numerical value for 
one Fourier coefficient. When two voltage dividers 
were reset to provide a different value of @ the pro- 
cedure wasrepeated. The procedure continued until the 
machine had obtained 10 coefficients. Each curve was 
analysed similarly. 


Simulating Surge Voltage Dividers 

Most electrical insulating materials can withstand, 
for very short intervals, a somewhat higher voltage 
than is sufficient to produce electrical breakdown or 
flashover on a continuously applied voltage. Because 
the effect is large enough to represent some additional 
protection in the case of direct lightning strikes, it is 
important to make reliable laboratory measurements 
of electrical breakdown values of steeply rising voltages. 
Measurement of voltage values for such surges can be 
obtained by using surge resistor units in voltage 
dividers. The dividers step the voltage down to levels 
that can be read on conventional instruments. However, 
results of such measurements have been in doubt 
because the behaviour of the divider has not been 
accurately determined. 

The Bureau’s high voltage laboratory has been 
investigating for the American Standards Association 
methods for specifying the accuracy of these surge 
voltage dividers. A surge voltage does not rise instan- 
taneously to a fixed value, nor does the divider take a 
continuously precise fraction of the voltage. However, 
these imperfections can be expressed analytically. 

From appropriate input data, the analogue computer 
calculated and plotted the waveforms corresponding to 
the response of the divider circuit either to an instan- 
taneous step voltage or to an assumed shape for the 
surge voltage. The results have provided a determina- 
tion, more accurate than previously possible, on the 
behaviour of these dividers for measuring steep wave 
fronts. 
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Analysis of Transistor Operation 

Increasing application is being made of complex 
computing and control circuitry for airborne and field 
use. This equipment frequently requires electronic 
components of unusually high reliability to withstand 
possible extreme environmental conditions. The 
transistor is one component whose properties and 
applications are under intensive investigation for such 
use. 

Digital or pulse circuitry makes its own special 
demands on the transistor. Optimising the design of the 
transistorised switching circuits that are employed in 
digital equipment makes it necessary to describe the 
physical transistor in a form consistent with the con- 
cepts of the circuit engineer. Therefore, the Bureau 
derived an equivalent circuit representation of the 
transistor specifically for the non-linear operation en- 
countered in the large-signal switching circuits. It 
differs from previous circuits primarily by representing 
the input impedance as well as the transfer ratio even 
in the condition of saturation. 

The equivalent circuit was readily simulated on the 
analogue computer for several modes of operation. Each 
simulation produced waveforms and amplitude res- 
ponses that were in close agreement with limited experi- 
mental trials. The results provide a characterisation of 
the transistor so that its performance in a switching 
circuit can be accurately predicted. 


Fundamental Refractometry 

Highly accurate values of the refractive index and 
dispersion for transparent media over a wide spectral 
range are essential to the optimum design of optical 
systems for measurement, detection, analysis, and 
photo-reproduction. These values also fill a need in 
establishing a number of the physical constants used in 
all branches of physics, chemistry, and engineering. 
For example, in liquids, the refractive index is often used 
as a measure of the purity and density of solute in 
solution. 

As part of a study of the optical properties of 
materials, a mathematical model was derived, based on 
harmonic oscillation analysis, to describe the variation 
of refractive index with the frequency of the 
incident radiation. The derivation led to the relation 
y =cA?/(A?—b?), where y is the refractive index, A is the 
wavelength, and c and b are constants. 

Prior to the machine computation, the above 
equation was differentiated and was then set up on the 


dy 2ay on 
analogue computer in the form ee (y—c). The 
constants were altered systematically until values were 
found that gave dispersion curves over a wavelength 
range of 3 to 50 microns fitting certain experimental 
data. 





Contour Tracing 

Occasionally purely mathematical functions are 
investigated on the computer to devise new techniques 
and to increase competence in solving the Bureau's 
teclinical problems. For example, a method for contour 
tracing was investigated. In this type of problem, a 
function z of two time-dependent variables, x and y, 
(Continued on page 1157) 
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‘sThe Making of Professional Engineers’? 


HIS was the subject of the presidential address to 

the Institution of Electrical Engineers, made by 
Sir Willis Jackson, D.Sc., F.R.S., on 9th October. The 
address included the following points: 

Certain outstanding weaknesses in our educational 
system result from our continuing tendency to regard 
the schools, the universities, the technical colleges and 
industry as separate compartments, and not as inter- 
woven and interdependent elements, in a continuous 
educational process. 

It is quite unrealistic to suppose that the teaching of 
technology at its highest level can be carried wholly, or 
largely, by men who occupy full-time teaching posts, 
unless these men return to industry or a similar 
environment at appropriate intervals. 

In the opinion of Sir Willis, the raising of technologi- 
cal teaching in this country to the level required 
demands a much greater mobility of staff between 
educational institutions on the one hand and industry 
or Government establishment on the other than has 
yet been achieved, and, in supplementation, that 
carefully selected men should be fully recognised 
members of both, as is already the case in medicine. 

A good start would be for the Research Establish- 
ments of the Department of Scientific and Industrial 
Research, and some of the Research Associations, to be 
accepted by the appropriate universities as recognised 
institutions in this sense. The separation of the 
D.S.I.R. Establishments from the domain of techno- 
logical teaching, and the lack of a recognised link 
between them and the universities in respect of 
scientific and technological research, are national 
handicaps of great seriousness which should be removed 
as quickly as possible. 


The Shortage of Scientists and Technologists 
Are we using the highly qualified persons we already 





(Continued from page 1156) 

is solved to generate contours of constant z in the x-y 
plane, eliminating time as an explicit variable. If the 
function were z= |x| + | y|, then the contour would 
be a square tilted 45°. 

The analogue computer was set up to develop such 
contours on an X-Y plotter in a simple, straightforward 
manner. Experimental curves were run for several 
different functions; they showed undamped oscillations, 
as expected, about the desired contour. Special circuits 
were then devised to provide sufficient damping for 
accurate contour tracking. 

Studies are currently under way to extend this 
method to other functions, and to apply it to data taken 
from physical experiments. 
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possess to the best national advantage ? 

Some of these may be performing duties which, with 
appropriate replanning of their work, and with the 
fuller utilisation of computing and other new tech- 
niques, might well be undertaken by men and women of 
lower qualifications. But this process demands for its 
progression the availability of these others, themselves 
well educated and trained but to a different level, upon 
whom the work can be devolved. Sir Willis believed 
in this connection that in stressing our shortage of 
scientists and technologists we have given inadequate 
recognition to the supporting contribution, and too 
little attention to the educational needs, of our tech- 
nicians and craftsmen. 

There is a further aspect of our utilisation of scientific 
and engineering manpower. It arises from the high 
degree of subdivision which characterises our industrial 
structure. This subdivision produces among the larger 
organisations a considerable multiplication of research, 
development and design effort directed to the same, or 
substantially the same, technical objectives, and the 
possibility that no one of these concerns has the 
resources either of manpower or finance to launch a 
really major attack on a new field. Among the smaller 
ones it means all too often, not only an absence of 
research and development effort within themselves, but 
also, in varying degrees, an inability to take advantage 
of the results of work of this kind being done in the 
Research Associations on their behalf. 

It therefore behoves the senior members of pro- 
fessions like the I.E.E. to do all they can to ensure in 
their respective fields that what strength is available 
is not misapplied in unnecessary duplication. 


Our Overseas Responsibilities 

The high standard of living which we enjoy and are 
striving to maintain and improve, and the establish- 
ment of a defensive strength which we hope we shall 
never have need to demonstrate, are dependent on our 
export trade. In this we are engaged in a technological 
battle with countries which can draw on richer natural 
resources and can bring larger numbers of trained men 
to bear on defined scientific and technical objectives. 

Our scientists and technologists have become not 
only the guardians and guarantors of our national 
economy but also the agents of a new diplomacy in 
which more than an expanding export trade is at stake. 
They have a direct part to play as teachers or advisers 
in the industrialisation of the underdeveloped countries 
and must not only carry conviction as experts in their 
respective scientific and technical specialities but also 
gain respect as ambassadors of broad vision, sound 
judgment, and unquestionable integrity. 
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Circle 49 for further information 














accurate amplification 


for all low-level 


Designed for the distortion-free amplification of low- 
level signals from strain gauge, pressure sensitive and other 
types of transducers, the Solartron AA 900 is a wideband 
DC amplifier of exceptionally high performance. 


Throughout the range DC to 40 Ke/s, inherently low 
drift and noise figures are achieved by chopper cor- 
rections and use of advanced negative feedback 
techniques. A large degree of loop feedback ensures 


specification: 


GAIN (Phase-Inverting) GAIN ACCURAC 
Steps of 20, 30, 50, 70, 100, 


200, 300, §00, 700 and 3% DC to 10 Kes. 


1000 with continuous I to 
2 times variation of each 
step by potentiometer 
control. 


EQUIVALENT INPUT DRIFT LINEARITY 

(After Warm-up) Better than o. 
Less than 2 microvolts 2 Ke/s. 

for 40 hours when used 

with regulated mains 

supply. A 10%, change 

in mains supply causes 

5 uV change. 


, 
on ~ 
oe hy ‘ 


7 


SOLARTRON 
‘\S he ail s 


-<----— i 


transduced signals 


that precisely controlled gain conditions are maintained 
with high stability. 

Ground loop problems are reduced as the common 
voltage rail is not earthed to chassis, and the input is 
held above nominal earth. 


Each amplifier is provided with its own integral power 
supply and may be operated from nominal 115 or 
230 volt, 50/60 c/s sources. 


Y INPUT IMPEDANCE , OUTPUT IMPEDANCE 


1% DC to 2 Kes. 100 K ohm. Less than 1 ohm in series 


with 25 microhenries. 


FREQUENCY DC OUTPUT 

1% to RESPONSE CAPABILITY 
Less than 3 db down 35 volts into loads 
at 40 Ke/s. greater than 1 K ohm. 


-+ 35 mA peak current. 


WRITE FOR FULL DETAILS TO: 


The Solartron Electronic Group Ltd. 
Thames Ditton, Surrey 


Telephone: EMBerbrook 5522 


— 
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High-speed Punched Tape Reader 


THE high speed tape reader is designed to 
read standard 5-, 6-, 7- and 8-hole punched 
paper tape at any speed up to 1,000 
characters per second and can stop within 
a character. The characters are sensed 
by phototransistors, which are illumi- 
nated via Perspex light guides. The 
transistors and guides can be withdrawn 
from the instrument in one unit, should a 
transistor require replacement. Transistor 
adjustment can be effected merely by 
removing an inspection plate. 

The tape is drawn through by a pair 
of rollers, the upper roller being fixed 
on the end of a motor shaft. The position 
of the lower roller is controlled by an 
electromagnet, the amount of movement 
being sufficient to remove the drive from 
the tape, when desired. The tape also 
passes between two flat surfaces, the 
pressure between these being controlled 
by a second electromagnet. This pro- 
vides a braking action on the tape, which 
always overrides the action of the driving 
rollers. 

The instrument is complete with lamp, 
driving motor, electromagnet assemblies 
and transistor assembly, but does not 
include any electronic control circuits. The 
supplies required are 240 V 50 c/s, or, 
alternatively, 115 V 60 c/s, mains, 12 V 
3 amp a.c. or d.c. for the lamp, and a low 
voltage supply not greater than about 
20 volts for the phototransistors. The 
electromagnet coils each have a total 
resistance of 55 ohms, and will operate 
correctly on 100 mA d.c. 

Circle 1 for further details. 


Vibrating Reed Electrometer 

A VIBRATING reed electrometer, Type 
N616, has been designed to measure very 
small direct currents and voltages with 
high zero stability. It converts applied 
d.c. to a.c. by means of a vibrating reed 
capacitor and amplifies it by a stable a.c. 
amplifier. 

Seven ranges are provided—3, 10, 30, 
100 and 300 mV and 1 and 3 volt. The 
output is rectified and measured on a 
5 in. (13 cm) panel meter calibrated to 
indicate the d.c. voltage at the input. 

For voltage measurements, accuracy is 
about +-5%, while current measurements 
may be made to the same accuracy pro- 
vided that the total value of the input 
Tesistance is known and the calibration 
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control is adjusted as necessary. 
Circle 2 for further details. 


Universal Scintillation Counter 


Type N664 universal scintillation counter 
is for bench-standing use. Beta emitters, 
including tritium and carbon 14, are 
counted in a liquid phosphor, while for 
gamma emitters, a_ thallium-activated 
sodium iodide crystal is employed. 

For liquid counting, the lead-shielded 
well is fitted with a shutter/sample holder 
assembly, enabling the sample pot to be 
loaded into the instrument while the 
photomultiplier is covered by an inter- 
locked light-tight shutter. When the 
light-tight lid is closed, the photo-multi- 
plier shutter interlock is released. The 
sample pot is automatically lowered 
directly on to the photomultiplier face 
when the large lead cover is closed and no 


Universal scintillation counter Type N 664 
with lid open showing shutter/sample holder 
assembly. 


INSTRUMENT PRACTICE 


MECHANICAL - 





intermediate glass window is fitted, so 
that the optical coupling between sample 
pot and photomultiplier is as close as 
possible. The sample chamber is shielded 
in all directions by 2-5 cm of lead. 

For gamma counting, the sample may 
be prepared in a test-tube, a polythene 
annular container or a 50 ml flat beaker. 
It can then be counted in a well crystal 
(Ekco Type N597 or N617), with a small 
crystal (Ekco Type N553A) or a 1} in. 
diameter crystal (Ekco Type N566A) 
respectively. The shutter assembly used 
for liquid counting is replaced by a top- 
plate assembly on which the crystals are 
mounted. Lifting the counter-balanced 
lead lid exposes the crystal for sample 
changing. 

A high-gain amplifier of good overload 
characteristics is included in the unit 
which is contained in a strong steel case 
fitted with carrying handles. 

Circle 3 for further details. 


Low-drift D.C. Amplifier 

THE Type AA 900 wideband d.c. amplifier 
has been designed for the distortion-free 
amplification of very low-level signals 
from transducer sources such as pressure 
pick-ups, thermocouples or photocells. 
It is also particularly useful for medical 
research applications. 

The AA 900 has a bandwidth of d.c. to 
40 kc/s (3 dB) and an exceptionally low 
equivalent input drift of less than 2 micro- 
volts over 40 hours. Produced with 
integral mains power supply, six such 
amplifiers can be fitted into a standard 
Solartron 19 inch racking module (Type 
AX 908). 

Noise and ground loop problems are 
minimised by holding the common voltage 
rail above chassis, and the input above 
nominal earth. 

Circle 4 for further details. 


Medical Scintillation Counter 


A RECENT addition to the range of nuclear 
equipment for medical use by Ekco 
Electronics Ltd. is a lightweight scintilla- 
tion counter, Type N618, with a direc- 
tional shield, Type N651. The counter 
is constructed in a sealed stainless steel 
container enabling it to be cold-sterilised. 
The output from the photomultiplier tube 
is fed via a cathode-follower stage to the 
permanently-attached cable from which 
connections can be made to a suitable 


1159 


NUCLEONIC + PNEUMATIC 





ratemeter or scaler. It can be connected 
directly to Ekco Type N600 ratemeter, but 
requires the use of a separate amplifier, 
such as Ekco Type N640, when conrected 
to a typical ratemeter or scaler requiring 
a minimum output of 5 volts. 

The directional shield re*ains the scin- 
tillation counter by means of a simple 
clamp ring and it can be fitted with any 
one of three standard collimators to 
provide alternative angles of acceptance. 
To facilitate accurate repositioning in 
relation to the patient, a continuously- 
adjustable coincident light-spot range- 
finder is incorporated. 

Circle 5 for further details. 


High-stability Pulse Amplifier 

PULSE amplifier, Type N640, has a wide 
frequency response and has been designed 
for use with scintillation counters without 
built-in amplifiers and will drive rate- 
meters and scalers requiring an input 
of 5 volts or more. 

A six-position gain selector is incor- 
porated and the low impedance output 
is positive-going for a negative-going 
input. A simple modification enables 
negative-going output to be obtained if 
so desired. Power supplies are obtained 
from the associated ratemeter or scaler. 
It has a gain approximately constant 
from 50 c/s to 200 kc/s and the upper 
half-power frequency is | Mc/s. 

Type N640 is housed in a metal case 
measuring 124 x 73 & 5}in. (31 « 19 14-5 
cm). 

Circle 6 for further details. 





High-stability pulse amplifier with wide 
frequency response 


Bench-type Pantograph Machine 
TAYLOR, TAYLOR & HoBsoN (a division of 
Rank Precision Industries Ltd.) have pro- 
duced a bench-type pantograph machine 
designed for users who have insufficient 
space for the larger type of pantograph 
machine now in production. 

This new machine meets the require- 
ments of such users as ship-board work- 
shops, mobile military workshops, 
jewellers, funeral furnishers and many 
other light engineering applications. i 

It gives a range of reduction ratios 
from 1 : 1 to 16:1. Asimple cutter grinder 
attachment is also available. 

The price is £150. 

Circle 7 for further details. 


Non-linear Function Generator 

THE diode function generator Type 
TR829 will generate precise functions of a 
variable to a high degree of accuracy and 
stability and is complementary to the 
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Diode function generator 


existing range of Solartron precision non- 
linear analogue computing units. 

The function required is generated in 12 
segments, set up by adjusting break points 
for each segment against a digital volt- 
meter monitor. These adjustments are 
made on high-resolution helical potentio- 
meters, over the voltage range zero to 
plus or minus 100 volts. Two TR829 units 
may be used together if desired, for more 
complex functions. 

The diode function generator incor- 
porates a total of 14 high-gain d.c. 
amplifiers and does not require additional 
operational amplifiers to provide full 
output. Drift and gain errors for each 
segment are held inside 100 mV and 
0-2, respectively, and, since these errors 
are non-cumulative over the whole func- 
tion generated, the long-term stability 
overall is always better than 0-5% 
average. 

Circle 8 for further details. 


Microptic Precision Clinometer 

THE HiILtcer & Watts range of optical- 
reading clinometers has been extended by 
the introduction of the microptic precision 
clinometer (TB90), which reads direct to 
1 second of arc, with estimation to 
0-5 second, over an angular range of 
0-360 degrees. 

It is suitable for inspecting angular 
surfaces and gauges, for locating jigs and 
fixtures, and for setting inclinable tables 
on jig-boring machines and angular work 
on grinding and lapping machines. Incli- 
nations are measured by reference to the 
horizontal plane, indicated by an incor- 
porated spirit-level. Repetition of bubble 
settings to 1 second of arc is ensured by an 
optical coincidence-reading system and a 
slow-motion setting control. 

The microscope-reading system and the 
spirit-level are illuminated by separate 
low-voltage lamps. A transformer for 
110/250 V a.c. input is available. The 
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Thermophil electronic thermometer 
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instrument is 9 X 6 X 12 in. It weighs 
19 lb. 


Circle 9 for further details. 


“Thermophil” Electronic Thermometer 
THE new model of the THERMOPHIL 
electronic thermometer is a 4 scale 
instrument covering the temperature range 
from 0° to 290°C (32° to 554°F). The first 
three scales, covering the range 0° to 
210°C (32° to 410°F) can employ any of 
the different types of probes which are 
available. The fourth scale, however, 210° 
to 290°C (410° to 554°F) employs a special 
probe which, at the moment, is only avail- 
able in glass form for the temperature 
measurement of liquids and gases, and a 
straight metal probe for metal surface 
temperature determination. It has the 
same speed of response as_ existing 
THERMOPHIL instruments. 
Circle 10 for further details. 


Titrator Amplifier 

THE titrator amplifier, in conjunction with 
a special burette, provides for the accurate 
micro determination of chloride. 

This instrument will be of interest in 
clinical laboratories for the analysis of 
biological fluids, such as plasma, serum, 
and cerebro-spinal fluids, but may also 
be employed in food, agricultural and 
metallurgical laboratories. 

A special burette is available with the 
unit. This is fitted with a _ sealed-in 
platinum electrode and has a fine silver 
wire down the outside of the tube. The 
burette is mounted above the titrator 
platform and the electrodes from this 
plug into the amplifier. 

The titrator amplifier operates from 
230 volts, 50 cycle a.c. mains supply and 
plugs into the Unigalvo type 20 which is 
employed in conjunction with the titrator. 

The sample is contained in special 
10 ml beakers and mounted on _ the 
stirrer platform of the titrator. When 
silver nitrate from the burette is mixed 
with the sample containing chloride, 
precipitation of the sodium chloride occurs 
until the end point is reached, after which 
the concentration of silver increases 
rapidly giving a change in the potential 
between the sodium electrode and the 
platinum electrode. This change is 
continuously indicated on the Err Uni- 
galyo Type 20. By titrating a known 
volume of chloride a reading is obtained 
which corresponds to the exact end point 
potential between the silver nitrate and 
the chloride in the solution. This is the 
reading to which all sample titrations are 
taken. The price of this attachment is 
£21, and the burette £3 6s. 6d. 

Circle 11 for further details. 


Multi-purpose Analogue Computer 
SHORT BROTHERS & HARLAND LIMITED 
are about to market a large multi-unit 
computer of new design. 

The basic instrument is a 112-amplifier 
linear computer, but it has been so de- 
signed that the specific requirements of an 
individual customer can be met by plugging 
the specified components into the stan- 
dard racks. Up to nine special non- 
linear components can also be incor- 
porated if desired. 

The computer consists of seven stan- 
dard racks, the three control racks being 
confronted by a double pedestal desk. 
The transistorised power units are located 
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below desk level and the measuring equip- 
ment and non-linear components (if any) 
above desk level. 

The twin racks on each side of the desk 
are identical in construction and contain 
the computing elements; interconnection 
of the elements is effected by two patch 
panels set into the desk top. These twin 
racks are of modular construction, there 
being 56 modules per rack, and each twin 
unit consists of one rack of amplifiers 
and one rack of passive elements. 

Each of the racks containing the passive 
elements is a double walled temperature 
stabilised oven, the inner enclosure being 
maintained at a constant temperature 
+0-5°C. The resultant component 
accuracy is better than 00-01%. The 
amplifier units are of new design, having a 
main amplifier gain greater than 105 and 
a drift over 24 hours at unity gain better 
than 10 microvolts. (Drift correction 
factor 1,000.) 

All computing units, including those of 
the temperature-stabilised elements, are 
removable from the front for ease of 
maintenance. 

One of the features of the design is the 
patch panel by which the active and 
passive outputs and inputs are inter- 
connected. The connections are made by 
single pin plugs and single patch cords. 
Although up to 20,000 different connec- 
tions are possible and up to 100 cords may 
be employed per panel, none of the latter 
cross. The panel is fully screened and 
removable to facilitate the storage of 
problems. 

A new design of selector panel enables 
any amplifier output to be connected to 
any of the measurement channels, or any 
of the servo-set potentiometers to be set- 
up from the control desk by means of 
selector buttons and setting keys. 

Thirteen measurement’ channels are 
provided which, apart from the manda- 
tory digital voltmeter, can be arranged to 
suit an individual customer’s requirements. 
The digital voltmeter and associated 
printer displays a four-digit fraction of 
100 volts and is accurate to 0-01 per cent. 

A comprehensive checking system en- 
sures a rapid check of all circuits and 
connections, the sequence being auto- 
matically stopped if any errors are detected. 

Although the capacity of the computer 
has been carefully planned to meet the 
demands of the present-day mathema- 
tician, where necessary it can be extended 
by twin-rack units identical with the main 
racks. The extension units may contain 
up to 56 activeand 56 passive modules and 
extension patch panels are _ provided. 
These are connected to the main patch 
panel by 50 bus-bars. The selector panel 
on the main control desk is used and it can 
handle up to four extension units. Modifi- 
cations can be made permitting the addi- 
tion of more than four extension units if 
required. 

Circle 12 for further details. 


“Hygrophil” Psychrometric Instrument 
THE new HyGROPHIL  psychrometric 
instrument for relative humidity is now 
available. It employs for the wet and dry 
bulbs the same thermo-sensitive element 
as is employed in the THERMOPHIL 
probes, and to a large degree the slow 
response of conventional devices has been 
Overcome. 
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Multi-purpose analogue computer 


The weight of the pistol'is 26 oz and of 
the indicating instrument 15 oz. It covers 
a temperature range from —10° to + 80°C 
or from +10° to +177°F. Centigrade or 
Fahrenheit scaling to choice. The butt of 
the pistol houses a dry battery which 
drives a small fan, drawing air in through 
the pistol barrel over the elements. The 
diameter of the barrel is $ in. and it can 
be extended by means of extension tubes. 
The three pairs of press buttons embodied 
in the handle enables the respective 
temperature ranges to be selected. The 
shorter ones cover the “‘dry’’ whilst the 
longer ones cover the “‘wet’’ thermometer 
readings when pressed. In each case the 
pressing of a button starts the fan motor 
and, if the temperature is in excess of the 
particular scale, the subsequent buttons 
are employed. Because of the small size 
and heat capacity of the elements only a 
very small quantity of air is necessary for 
the reaction to the prevailing tempera- 
tures. With the two temperatures ob- 
tained the percentage of the relative air 
moisture contents are read from a graph 
supplied with the unit, or by employing 
a special slide rule. 

A clockwork fan operated unit is also 
available for use in flameproof areas. 

Circle 13 for further details. 


High Speed Punched Card Reader 

THE high speed punched card reader reads 
standard 65 and 80 column cards at speeds 
of up to 400 cards a minute, giving a read- 
ing rate of 533 characters per second. It 
is, therefore, one of the fastest punched 
card readers available for feeding informa- 
tion from punched cards into computers. 
It is the only serial reading computer 
input card reader manufactured and sold 
in the United Kingdom. 

The design is very flexible and compact 
and models ate available which read the 
cards either face up or face down and pro- 
vide column identification. The reader 
weighs about 62 lb and is approximately 
22 x 22 xX 12 m. high. 
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reads 80 column 


The mechanism 
punched cards of standard size (7% in. 
3} in.), punched with rectangular holes, 
and 65 column cards punched with round 


holes, with or without verification. Each 
card is fed by energising the 2,000 ohm 
clutch magnet for a minimum period of 
20 msec. The bottom card in the magazine, 
which holds approximately 600 cards, is 
then picked off by a knife-edge and is fed 
with the long edge leading on to a plat- 
form, where it is momentarily halted. The 
direction of motion is changed after a 
temporary pause, the card being ejected 
sideways, with column 1 leading and at 
the same time the following card is fed on 
to the platform. 

Sensing takes place during the ejection 
motion and is achieved photo-electrically 
by means of 12 photo-transistors over 
which the card passes immediately before 
passing through the ejection rollers. 

Each individual card feed cycle, once 
initiated, cannot be controlled externally 
and the cycle will be completed auto- 
matically by the mechanism. When the 
clutch magnet is continuously energised 
the cards feed at the maximum rate of 400 
cards per minute. 


Circle 14 for further details. 


Wideband Servo Multiplier 

THE SOLARTRON ELECTRONIC GROUP 
LIMITED announce the introduction of a 
new low-inertia servo multiplier Type 
TJ725, also available as a servo resolver 
under Type TJ961. 

The servo multiplier will operate with 
less than 1° phase lag at full-scale ampli- 
tude up to 10 c/s. It permits multiplica- 
tion of up to five analogue variables by one 
other variable, or the generation of up to 
the sixth power of one variable. A six- 
section potentiometer is standard, one 
section having additional taps for the 
connection of loading resistors to achieve 
special functions of a variable. In the 
servo resolver there are five potentio- 
meter sections, three linear, and two 
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Circle 50 for further information 
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Servo multiplier 


conforming to sine/cosine law. 

Both these new non-linear computing 
units are entirely self-contained and incor- 
porate highly efficient transistorised power 
supplies. Thus the units may easily be 
incorporated into existing computer in- 
stallations (using a TX926 mounting unit 
which holds three multipliers or resolvers), 
or may be operated independently, directly 
from mains supply. 

Circle 15 for further details. 


25 to 35 Amp Silicon Diodes 


INTERNATIONAL RECTIFIER Co. (Great 
Britain) Limited, now have available a 
series of low-cost 25 to 35 amp, 50 to 500 
peak inverse voltage-rated silicon power 
rectifiers designed specifically to provide 
exceptional performance (including opera- 
tion to 130°C base temperature) in com- 
mercial equipment applications. 

This series embodies ‘‘Quad-Sealed”’ 
rectifier junctions, a four-layer seal 
assuring high resistance to humidity, 
shock, vibration, temperature extremes 
and other adverse environmental condi- 
tions. 

Diodes in this series feature an over- 
sized anode lug which efficiently removes 
heat from the rectifier junction. 

In addition to extremely stable opera- 
tion at high temperatures, units exhibit 
low reverse leakage currents (10 mA, full 
cycle average, at 130°C base temperature) 





Miniature silicon power rectifiers 
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over the entire operating temperature 
range. 

Eyelet construction of the anode lug 
of these stud-mounted diodes insures fast, 
easy wiring into production assemblies. 

Circle 16 for further details. 


Environmental Test Vibrator 

AN environmental test vibrator specially 
suitable for high g valve and component 
testing, extended fatigue tests, and 
accelerometer calibration, is now being 
marketed by E.M.I. Electronics Ltd. 

Known as the EMV 100A, this instru- 
ment has a usable frequency range of 
1-20,000 c/s, and continuous rating thrust 
is maintained throughout the range of 
30-20,000 c/s. 

The EMV 100A offers 100 g peak, and 
when used with ‘“‘white noise’ and a peak 
to r.m.s. ratio of 3:1 the corresponding 
g figures are 212-1 g peak and 70-7 g r.m.s. 
The vibrator, which is completely self- 
contained, is stressed to give over 100% 
safety factor when used under these condi- 
tions. 

Maximum random table acceleration 
due to cooling medium less than 0:1 
g T.m.s. 

During reliability trials the vibrator 
performed 1,000 million reversals at 
100 g level fixed frequency, and 1,000 
million reversals whilst being swept 
in frequency from 100 to 5,000 c/s at 
160 g level. It also carried out 200 
million reversals at 500 g. The reliability 
trials are being continued in an effort to 
determine the life of component parts. 
So far no failures have been recorded. 

Circle 17 for further details. 


“Endurion” 

THE Endurion process provides a non- 
toxic, dry, inorganic, grey coating which, 
in conjunction with a ‘‘Parkerized”’ zinc- 
phosphate surface, confers greater cor- 
rosion resistance than that normally pro- 
duced by “‘Parkerizing”’ and oiling. 

The Endurion finish provides the mini- 
mum of dimensional build-up and will 
penetrate into all internal and external 
recesses of a complicated assembly to 
provide overall protection. It is thus 
extremely suited to the protection of 
threaded members and other intricate 
shapes, particularly as it also imparts a 
considerable degree of lubricity to the 
“‘Parkerized”’ surface. 

Endurion provides a hard wear-resistant 
finish which is non-chipping, non-peeling 
and compatible with organic finishes. 

The Endurion treatment is simple and 
economical to operate, and may easily be 
integrated with existing immersion 
“‘Parkerizing”’ installations. 

The Endurion solution is controlled by 
simple titration tests for strength and 
efficiency. 

Circle 18 for further details. 


Square Flanged Instruments 
THESE models are basically permanent 
magnet, moving coil, d.c. instruments 
with applications as straightforward micro- 
ammeters, milliammeters and voltmeters, 
and in conjunction with a vacuum 
thermocouple as high frequency milli- 
ammeters, instruments for a.c. measure- 
ments incorporate a rectifier. 

The instruments are fitted to moulded 
Bakelite cases, the face being square with 
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Square flanged voltmeter 


radiused corners; the pointer zero adjuster 
is recessed and positioned on the front of 
the case. Connecting terminals, with 
4 B.A. screws and captive washers, are at 
the rear of the instruments with the 
positive terminal indicated by a red 
sign. The scale arc and figuring are in 
black on a white background, the pointer 
fitted being pear-shaped. 
Circle 19 for further details. 


“Saffail” Press Clutch Valve 

THE I.G.E. patent “Saffail’’ valve is 
designed so that there is five times the 
force available to move the operating 
spool from oN to oFF than is available to 
move it from oFF to on. This differential 
is checked electrically every operation, 
and when the differential drops, through 
any fault, the valve is locked oFF until 
the fault is rectified. For the control of 
electro-pneumatic power press clutches, 
I.G.E. have designed a control system 
around this valve, which gives complete 
self-checking of all electrical circuits as 
well. Thus the complete system provides 
a safeguard against uncovenanted or 
repeat strokes of the press. 

The valve is manufactured to I.G.E. 
specification by Messrs. TAL Numatics, 
whose own special spool construction is 
incorporated. The cost of the valve is 
approximately /60. 

Circle 20 for further details. 


Illuminated Magnifier for Flat Objects 
THE magnifier, the “‘Allen’’ M.109, con- 
sists of a spun aluminium body 8 in. 





‘Allen’ M.109 magnifier 
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Circle $1 for further information 
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diameter X 6in. high which has fitted in the 
top a 5 in. diameter optically correct lens 
which gives an area magnification of 4x. 
The design of the lens gives true binocular 
viewing without distortion over the whole 
area covered and without eye strain when 
used continuously. 

Lighting comes from an 18 watt 
25 volt lamp fed from the mains through a 
“Dohm”’ safety transformer plug which 
plugs directly into a standard 3 pin 
mains outlet (3 models are available, 
3 pin 5 amp, 15 amp and 13 amp fiat). 

There is thus no possibility of a shock 
since the whole of the unit and the 10 ft 
of connecting cable has only 25 volts in 
the electrical circuit. 

The price complete with transformer/ 
plug is £10 15s. 0d. Delivery—-3 weeks. 
Circle 21 for further details. 


Digital Data Recorder 
CopED LP981, the Solartron digital data 
recorder comprises a precision 50-channel 
commutator, an analogue-to-digital con- 
verter of high accuracy, and a digital 
print-out unit. 
Its applications include: monitoring of 
plant and processes; transducer calibra- 
tion, instrumentation of IC, jet and rocket 
engine test cells; also of wind tunnels, 
hydrodynamic test tanks; automatic 
check-out of missiles and the other 
complex devices; continuous logging of 
temperatures, pressures, etc., in nuclear 
power plant; environmental and astro- 
biological research. 
Commutation of inputs is by a relay 
bank with associated transistorised logic 
circuits mounted on removable printed 
circuit boards. This use of relays, with 
gold-plated contacts, avoids most of the 
difficulties encountered in rotary com- 
mutation, also the arrangement lends 
itself to multiple mode control so that the 
following three operational conditions may 
be achieved: 
(i) continuous automatic sampling at 
a rate of two inputs per second, or— 

(ii) single scan of the 50 inputs after 
receipt of an external command, 
or- 

(iii) manual selection of any one channel 

by push-button. 








Digital data recorder 
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Analogue-to-digital conversion is effected 
in a Solartron digital voltmeter Type 
LM902 (of basic 0-1% accuracy) which 
provides decimal output information for 
operation of the printer. 

The print-out provides, on 3 in. wide 
paper, a permanent record consisting of 
channel number (1 to 50), measured signal 
value (4-digit), and polarity of input. 
Circle 22 for further details. 


Edgefinder 
THE new APWAR EDGEFINDER is designed 
primarily for use on jig boring machines. 

Its purpose is to accurately locate the 
machine spindle centre line in relation to 
the edge of the component to be machined. 
The relative position is given to within 
0:0002 in. and is secured by automatic 
light combinations observed by the 
operator from illumination ports in the 
body of the instrument. 

The source of power for illumination is 
derived from a torch battery enclosed 
within the instrument. 

The ApwAR EDGEFINDER has a # in. 
diameter parallel shank, it may therefore 
be used in a drill chuck, lathe chuck or 
collet, indeed, any tool-holding device 
capable of accommodating the shank. 

It is not necessary for the body of the 
instrument to run absolutely true, any 
chuck in reasonable condition will, there- 
fcre, give the desired results. 

The price is £5. 

Circle 23 for further details. 


Portable Contamination Monitor 

THE portable contamination monitor 
Type 1 employs a dual phosphor tech- 
nique, and can be used for monitoring 
radioactive contamination on _ benches, 
clothing, and similar objects. All-tran- 
sistor circuitry enables the instrument to 
be operated for long ‘periods from a 
battery supply. 

The dual phosphor technique enables 
both alpha and beta contamination to be 
monitored simultaneously. Separate dis- 
tinctive tones are provided for alpha and 
beta either on headphones worn by the 
operator, or a built-in loudspeaker. 

A high-pitched tone indicates alpha 
contamination and a low tone beta. Both 
notes are heard when alpha and beta 
are monitored. When the type of con- 
tamination has been identified an accurate 
check can be made on either the alpha or 
beta positions. For monitoring very low 
alpha activities an _ electro-mechanical 
register is included to give a more accurate 
display at rates below about 6 per second. 

The overall dimensions of the unit 
are 11} X 8 X 8}in., its weight approxi- 
mately 11 Ib, and power consumption 
3 watt. 

Circle 24 for further details. 


Hand Tachometer, Model ATH.24 
THE model ATH.24 has a range of 0-400, 
0-2,000 and 0-4,000 r.p.m. The dial is 
calibrated with a dual scale—black 
figures on white—the outer scale 0-2,000 
r.p.m. and the inner 0-400 r.p.m. As 
with the other models, the set comprises: 
hand tachometer; male rubber centre; 
female rubber centre; extension piece and 
disc for surface and cutting speeds (feet or 
metre reading). 

With this equipment, accurate checks 
can be made on rotational speeds, linear 
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Hand tachometer for use with machinery of 
speed vanges up to 4,000 r.p.m. 


speeds and surface speeds. Indication 
is instantaneous, the instrument is not 
damaged by sudden acceleration, and 
when desired, a pointer lock device holds 
the reading. 

The accuracy is +4$% and the tacho- 
meters are unaffected by position, 
humidity, or wide ranges of temperature. 

Circle 25 for further details. 


Electrolube 
ELECTROLUBE is a complex, low carbon, 
liquid composition which increases con- 
ductivity between conducting surfaces. It 
is water repellent, contains no mineral oil, 
retains its efficiency over a wide range of 
temperatures and does not attack nylon, 
polythene or the formaldehydes. 

It improves efficiency in relays, termi- 
nals, electric motor brush gear, plugs and 
sockets, potentiometers, vibrators, fine 
coil suspensions, switches and any equip- 
ment with contacting surfaces. It 
increases gain and stability in turret 
tuners and v.h.f. equipment. 

ELECTROLUBE penetrates oxide, sul- 
phide and other chemical films, without 
attacking the contact surfaces. A pro- 
tective film is left sealing the metal against 
further attack under extreme humid con- 
ditions. Sparking, arcing and metal 
transfer are reduced, prolonging contact 
life. 

ELECTROLUBE has a negative tempera- 
ture characteristic. When _ contacts 
treated with ELECTROLUBE are separating, 
the temperature of the liquid is raised by 
the current flow and its resistance falls 
allowing the ELECTROLUBE to sustain 
current momentarily after metallic con- 
tact has ceased, thus reducing metal burn 
and transfer. 

Circle 26 for further details. 


ERRATUM 

A Simplified Technique for Control 
System Engineering. This book, 
reviewed on p. 921 of the September issue 
of Instrument Practice, is available from 
Honeywell Controls Ltd., Greenford, 
Middlesex. Not Honeywell Brown Ltd. as 
was stated. 
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Circle 52 for further information 
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ROTAMETER 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 





All process liquid confined to metal housing, floating magnet, 
and hollow iron indicator ball, these are the elements of the 
Ekstrom Liquid Level Indicator, essential for the SAFE leve 
indication of corrosive pr toxic liquids or liquefied gases 
A branch tube from the storage  vess¢l 
A separate glass indicator tube 
Adjustable electric or pneumatic 
Breakage of glass does no 


under pressure. 
carries a magnetic float. 
carries an indicator ball. 
alarm switches are available. 
release process fluid nor interrupt function of alarm. 


Leaflet IP/2045/14 gives all the technical 
details, and is free on request. 


This illustration shows a typical installation. An 
_Ekstrom Level Gauge fitted to a tank containing liquid 
butane at the Luton works of Vauxhall Motors. 


ROTAMETER MANUFACTURING COMPANY LTD 
PURLEY WAY CROYDON SURREY 
Telephone: CROydon 38!é 
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Mobile Radiation Monitor 


One of the requirements at the C.E.R.N. 
Nuclear Research Centre at Geneva is the 
routine monitoring of radiation from the 
50 MeV proton linear accelerator and the 
600 MeV synchrocyclotron. 

For this purpose the C.E.R.N. Health 
Physics Group has designed a special 
survey trolley which is in frequent use for 
indoor and outdoor surveys. 

On the top of the trolley are mounted 
two Vibron dose rate meters, manu- 
factured by Electronic Instruments Ltd., 
one with a tissue equivalent ionisation 
chamber, and one with an argon, or 
carbon dioxide chamber. From the two 
values of ionisation current the dose rates 
of gamma rays and heavy particles can be 
calculated separately. Pen recorders are 
usually used with the electrometers. The 
instruments on the lower shelves are 
portable meters for slow neutrons, fast 
neutrons and gamma rays respectively. 
The trolley is equipped-with a battery 
and motor generator which enables it to 
be used in areas remote from mains power 
supplies. It is intended to use the E.I.L. 
Vibron dose rate meters to <alibrate area 
monitors installed around the 200 metre 


diameter accelerating chamber of the 
C.E.R.N. proton synchrotron, which 
is scheduled to operate at 25 GeV 


(25,000 MeV) early in 1960. 





ETL. 


monitor 


instruments on mobile radiation 
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Formation of BICC-Burndy Limited 
On 30th September, 1959, British Insu- 
lated Callender’s Cables Limited signed 
an agreement with The Burndy Corpora- 
tion of Norwalk, Connecticut, U.S.A., to 
form a new company in the United King- 
dom to be known as’ Bicc-BuRNDY 
Limited. The new company has an 
authorised capital of £250,000 and has 
been formed with the object of manu- 
facturing and marketing the existing 
range of Burndy products in the United 
Kingdom and other parts of the Common- 
wealth. Bicc-BuRNpy Ltd. will be in a 
position to supply all types of electrical 
connectors for Electricity Board trans- 
mission, distribution and power station 
work, and for manufacturers of switch- 
gear and appliances. They will also pro- 
vide connectors which have a wide appli- 
cation in the aircraft and ship building 
inc.ustries. 


Nash & Thompson—Kovo Agreement 
NasH & TuHompson, Surrey, England 
(Elmbridge 5252) announce that they are 
now the exclusive selling agents in the 
United Kingdom and Commonwealth for 
Kovo, the foreign trade corporation for 
the import and export of precision engi- 
neering products made in Czechoslovakia. 

Among the instruments that will be 
imported into the U.K. for the first time 
are the polaroscope and polarographs 
designed at Professor Heyrovsky’s Polaro- 
graphic Research Institute in Prague. 

Possibly the most interesting of these 
instruments is the P.576 polaroscope, 
which is particularly useful for rapid 
polarographic determinations. An interest- 
ing feature is that the reversibility of the 
electrode reaction is immediately 
apparent. Other apparatus includes the 
Tesla B.S.242 intermediate electron micro- 
scope, telecommunication equipment, 
spectrophotometers and electrolytic analy- 
sis apparatus. 


New Texas Instruments’ Contract 
TEXAS INSTRUMENTS LIMITED announce 
the signing in Bedford of the contract for 
the construction of their new semicon- 
ductor plant. 

The total value of the project is approxi- 
mately £1,000,000 and the contract for 
construction has been awarded to Tarmac 
Civil Engineering Limited. 


Directors’ Tour 


Mr. R. A. BENT (managing director) and 
Mr. R. J. F. Howard (director) of Lanca- 


shire Dynamo Electronic Products Ltd., 
Rugeley, Staffs., are making an overseas 
tour which started on 26th September. 
They spent a week in Australia dis- 
cussing matters relating to the manu- 
facture of their company’s products in 


that country, and then travelled to Los 
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Angeles for discussions in the United 
States in relation to possible licensing for 
the manufacture of their products. 

Opportunity will also be made to visit 
the company’s Canadian associates before 
returning to this country. 


Instrument Manufacturers’ 

25th Anniversary 

FoXBoRO-YOXALL LIMITED, the manu- 
facturers of industrial control instruments, 
have this year reached their 25th anni- 
versary. A number of special events have 
been planned to mark this occasion and 
two of these, an Open Day and a Sports 


Day, were held on the 4th and 5th 
September. 
Open Day 

On Friday, the 4th September, the 


company were hosts to over 1,000 staff 
and their families who were invited to tour 
the Redhill factory. A running buffet was 
provided for the visitors. Each depart- 
ment mounted an explanatory display of 
their particular products and a central 
exhibition demonstrated the ranges of the 
company’s finished instruments and sys- 
tems of process control. A pictorial 
display emphasised the wide variety of 
industries who nowadays use the com- 
pany’s industrial control equipment. 
Sports Day 

On the following day, Saturday, 5th 
September, the company were hosts on 
their playing fields at Redhill to some 
1,300 staff and their familes. 


i ae 

Visitors on the Anniversary Open Day 
looking round part of the Foxboro-Yoxall 
Redhill factory 
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WALKER, 


Circle 53 for further information 


This is for the record 


A new chart roll is being fitted to the 
Arkon Recorder. The old one has gone for 
analysis and comparison. Soon the door 
will be closed and the pen will make its 
clear current indication. 

Arkon Recorders measure gas and air 
flow, pressure or vacuum, or pressure and 
vacuum ; flows in one inch pipe or 36 
inch mains, pressure or vacuum from 0.1 
inches water gauge to 50 lb. per square 


inch. They give a clear, unmistakable 
record which you can read like a book, 
without hesitation and without mistakes. 
You can leave the chart on for a few hours, 
a day, or a week—the record will always 
be there. Easily read, easy to look after, 
robust enough to stand on the job, Arkon 
Instruments can help the control of any 
process—and their accuracy will satisfy 
even the men in the lab. 


More about them in pamphlet AC/ 110 


CROSWELLER & CO. 


LF. 


Telephone: CHELTENHAM 56317 
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Sunvic control panel 


Mr. L. S. Yoxall, chairman and 
managing director, officially opened the 
Sports Day and later presented the prizes. 
He in turn was presented with a wrought 
iron coffee trolley on behalf of the Fox- 
boro-Yoxall Sports Club. 


Marconi Instruments at Ljubljana 
Electronics Fair 

MARCONI INSTRUMENTS LTD., who recently 
supplied £26,000 worth of signal generators 
to Yugoslavia, will be showing examples 
of their latest telecommunication measure- 
ment equipments at the Ljubljana 
International ‘‘Modern Eijectronics”’ Fair. 
This is being held in Ljubljana, Yugo- 
slavia, from 16th to 25th October. 

The Marconi display will include the 
new general-purpose oscilloscope TF1330 
with a bandwidth extending from d.c. to 
15 Mc/s, a sensitivity of 50 mV/cm, time- 
base speeds down to 0-02 usec/cm and a 
brilliancy sufficient to view with the naked 
eye a single 1 usec pulse. 

A number of instruments for voltage 
measurement will be on view, including 
the TF1041B, the first instrument of its 
kind with a frequency range extending to 
1,500 Mc/s, and the low-price valve volt- 
meter TF1300. 

The new Q-meter, Type TF1245, 
covering the range a.f. to v.h.f., will also 
be shown, together with signal generators, 
bridges, power meters, wavemeters, and 
test equipment for v.h.f. radio. 
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Sunvic Supplies Control Instruments 
for Fuel Cell 


EguIpMENT for automatically balancing 
pressures of oxygen and hydrogen to F. T. 
Bacon’s hydrogen/oxygen fuel cell recently 
demonstrated at Cambridge was supplied 
by Sunvic Controls Limited, an A.E.I. 
Company. 

The equipment comprises two differen- 
tial pressure transmitters, a two-term 
pneumatic controller with built-in desired 
value setting and a valve positioner. All 
are standard Sunvic pneumatic instru- 
ments. 

It is essential that oxygen and hydro- 
gen pressures (both are fed to the cell at 
400 p.s.i.) are balanced to a high degree of 
accuracy, otherwise the porous nickel 
electrodes might be ruptured or distorted. 
One differential pressure transmitter is 
therefore used to note any unbalance and 
feed a 3-15 p.s.i. signal to the controller, 
the output of which actuates the valve 
positioner mounted on the hydrogen con- 
trol valve. 

To ensure that the fuel gases do not 
penetrate through the fine pored surface 
of the hydrogen electrode, a 2 p.s.i. 
pressure difference must be maintained. 
This is the function of the second differen- 
tial pressure transmitter. 

The control panel as shown will cater 
for up to ten 40-cell units. 


B.S.I.’s Annual General Meeting 


At the annual general meeting of the British 
Standards Institution held in London on 
30th September, Mr. R. E. Huffam was 
re-elected for a second term of office as the 
Institution’s president. Mr. Huffam was, 
until his recent retirement, United King- 
dom co-ordinating director of Unilever 
Ltd. 
He also holds office. as chairman of 
B.S.I.’s General Council. 
The three deputy-presidents of the 
Institution were also re-elected. They are: 
Sir Roger Duncalfe 
Sir Herbert Manzoni (City Engineer 
of Birmingham) 
Mr. John Ryan (Vice-Chairman, Metal 
Box Co. Ltd.). 


Single Channel Pulse Height Analysers 
for Harwell 

PLESSEY NUCLEONICS LIMITED, of North- 
ampton, report that delivery has been 
completed of fifty single channel pulse 
height analysers ordered by the Atomic 
Energy Research Establishment at 
Harwell. 

When a scintillation or proportional 
counter is used to detect nuclear radia- 
tion, electrical pulses are produced whose 
peak amplitudes are proportional to the 
energy expended by the radiation in the 
detector. So to obtain full information 
about the energy spectrum of the radia- 
tion it is necessary to measure the pulse 
height distribution. 

A single channel pulse height analyser 
is, as the name suggests, designed to do 
just this. If it is set for a given value of 
threshold voltage V, then it permits the 
counting of all the pulses whose peaks 
lie between V and V + dV; dV being the 
“channel width’. This facility makes it 
possible both to identify particular radio- 
active isotopes and, by taking measure- 
ments at a range of threshold voltages, to 


INSTRUMENT PRACTICE 


obtain the energy distribution. 

Plessey Nucleonics Limited have been 
granted commercial rights for the manu- 
facture of this instrument. 


Industrial Electric Heating 


A FILM of this title was shown to the Press 
recently by the Electrical Development 
Association. It deals with the subject of 
electrical heating in industry, and, in 
particular, various types of furnaces. 
These include arc furnaces (of the pattern 
described by Mr. J. W. S. Payne in the 
August issue, page 808), resistance fur- 
naces and induction furnaces, together 
with high frequency dielectric heating and 
infra-red heating equipment. In addition, 
electric salt baths and electric boiler 
equipment were shown in the film. The 
film is in Eastman colour, which con- 
siderably enhances the scenes of actual 
melting. It lasts about 30 minutes, and is 
available, free on loan, from the Electrical 
Development Association, 2 Savoy Hill, 
London, W.C.2. 


Technicon Instruments Co. Ltd. to 
Start Manufacturing in Britain 


In order to meet the demands from the 
United Kingdom and Commonwealth 
countries for the Technicon AutoAnalyzer, 
Technicon Instruments Co. I.td. have 
speeded up their manufacturing programme 
in this country. 

Production plans are now well advanced 
and British-made AutoAnalyzers will be 
available for installation in the United 
Kingdom and elsewhere by the end of the 
year. 

Technicon Instruments Co. Ltd. have 
been marketing the AutoAnalyzer and 
other products (manufactured by their 
parent company in the United States) 
in this country since 1958. 

The Technicon AutoAnalyzer is a 
system for continuous automatic chemical 
analysis which can detect trace materials 
down to parts per billion with an accuracy 
of one per cent. By automating each step 
of a chemical analysis now performed 
manually, that is, measuring, mixing, 
purifying, processing, comparing and 
recording, and integrating them into a 
continuous flow system, the Auto- 
Analyzer provides dependable analysis 
with exact reproducibility. In the 
laboratory, this robot chemist runs 20, 40 
or 60 tests per hour without human super- 
vision. By its use major economies are 
achieved. 

In the plant, the AutoAnalyzer can be 
hooked up to the process or waste stream 
liquid or gas. The concentration level of 
any material or number of materials can 
be continuously monitored and _per- 
manently recorded. If desired, the control 
loop can be closed to automatically 
monitor the steady-state control devices or 
otherwise regulate the process through on- 
stream continuous measurement. 


De Havilland Propellers Ltd. Forms 
System Engineering Group 


De HAVILLAND PROPELLERS LIMITED have 
formed a new group to apply their 
experience in system engineering to the 
development of equipment for the auto- 
matic control of industrial processes and 
manufacture of all kinds. 
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Circle 54 for further information 


So simple! 
So surely SIMPLIFIX 
the foolproof 





coupling! 


Simplifix couplings form a perfect joint on almost 

any kind of tubing including those with very thin walls. 

All that is required is tightening with a spanner — 

no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2” o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


NHEAD « BERKS - TEL: MAIDENHEAD 5100 


Ss i M oad Li Fl X SIMPLIFIX COUPLINGS LTD - HARGRAVE RD - MAIDE 
A member of the ALENCO Group of Companies 
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The group will place particular emphasis 
on the design of integrated systems, and 
here the comparatively new techniques of 
system engineering will be used, backed by 


digital computer investigations where 
necessary, to produce the optimum design 
at any level of complexity. There are-now 
many industries which can make use of 
automation and the system engineering 
group is already holding discussions with 
the engineering, oil refining, chemical, 
food, sugar, brewing and paper industries, 
and many others. 

Use will be made of the advanced 
electronic techniques that have been 
developed by the company. Digital 
systems will be used, when possible, to 
yield accuracy, simplicity and low cost. 
Most designs will incorporate transistors 
and ferrites, since these need little space 
or electrical power and present investiga- 
tions on their reliability show them to be 
equal or superior to many conventional 
devices. An example of equipment making 
use of these techniques is the large auto- 
matic data processing and logging system 
that the Propeller Company has recently 
brought to an advanced state of develop- 
ment. 

The system engineering group will 
be located at Hatfield in its own premises 
adjacent to the Propeller Company’s 
head office. The technical team will 
consist of Mr. R. J. Perdue, Mr. M. James 
and Mr. R. A. Rubinstein. 


New A.E.I. Computer Under Test 


THE first production model of the central 
computing unit of the A.E.I. 1010 Data 
Processing System is now undergoing tests. 
Various items of peripheral equipment are 
being added and tested with the computer, 
which will be installed in a Computer 
Centre in the Manchester area by the end 
of this year. 

An introductory course on the 1010 
Data Processing System was held recently 
in the Trafford Park Works. The course 
was attended by representatives from a 
number of firms and organisations who are 
prospective customers for the 1010. These 
courses are to be repeated at regular 
intervals. 

Programming courses will be started 
early next year at the Computer Centre 
where the 1010 Data Processing System will 
be available for customers and prospective 
customers, to run and prove programmes 
written for their own applications. 

The A.E.I. 1010 Data Processing System 
(previously announced as the Metrovick 
1010) is more than four times as fast and 
twice as powerful as any other system 
available in the same price range. It has 
been specially designed so that a medium 
sized installation costing about £150,000 
can be expanded at will as data processing 
Tequirements grow. This is done by the 
addition of new ancillary equipment with- 
out any change to the central computing 
unit being necessary. 

A very powerful and flexible system can 
be built up which is capable of controlling 
up to 32 peripheral units, such as magnetic 
tape decks, paper tape and card readers, 
line printers, enquiry typewriters and 
paper tape and card punches. Facilities 
are available for parallel programming, 
interruption to execute priority work and 
multiple input and output. The computer 
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is completely transistorised and can 
execute some 70,000 data processing 
instructions every second. 


Commercial Translator 

A NEw language has been developed by 
IBM to simplify still further the instruc- 
tion, or programming, of electronic com- 
puters for commercial problems such as 
payroll, inventory and _ production 
planning. 

Such a simplification has long been 
achieved by IBM in the scientific area 
with Fortran (Formula _ Translation), 
where the precision of the mathematical 
terms traditionally used in stating scienti- 
fic problems lent itself to adaptation to 
the purpose. 

The development of a similar computer 
language for commercial use was handi- 
capped by the lack of a standard business 
terminology. IBM research first concen- 
trated on an analysis of a large number of 
commercial problems already being pro- 
cessed by electronic computers. As a 
result of this analysis they were able to 
construct a language in which these 
problems could be stated in terms of 
fifteen basic computer functions (arith- 
metic, logical decision making, editing 
and other data handling operations). 

This language, called Commercial Trans- 
lator, consists of normal English words 
wnich will be converted inside the com- 
puter into detailed machine instructions. 
It can be used with the larger existing 
IBM computers, and will be compatible 
with future IBM computers. 

Commercial Translator is so like normal 
English that a person completely un- 
familiar with computer programming can 
be trained to use it in a matter of days, 
merely by learning a few rules of vocabu- 
lary, sentence formation, use of suffixes 
and punctuation. A typical statement in 
this new language to describe the pro- 
cedure for re-ordering when stocks are 
low might run as follows: 

If stock level is less than 1,000 or 
reserve level is zero then set order 
amount equal to 5,000 minus stock 
level; move order record to order file; 
go to next item. 

The great reduction in the length of 
programmes will mean enormous econo- 
mies in programmingand ‘“‘debugging”’ time, 
and will make it possible to programme 
the production of special reports in a 
fraction of the time formerly necessary. 


Expansions 


THE new extension to the factory of 
Electropol Processing at the Farnham 
Trading Estate, Surrey, will treble its 
present capacity. This is the fourth 
extension since 1952 when Electropol 
moved from the Nissen hut opposite the 
Bourne Mill at Farnham seven years ago. 
The new extension of 13,000 square feet, 
designed and constructed by Hewitts, of 
Cranleigh, will considerably increase the 
facilities for the Electropol processing of 
stainless steels. 


The foundation stone of Taylor 
Controls’ new administrative building 
was laid on 16th September. This new 


building will enable the research, develop- 
ment and engineering departments to com- 
bine as one operative unit. 

Klockner Moeller England Ltd. have 
recently opened another branch office, 
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this time at Permanent House, The Head- 
row, Leeds. It will be in the charge of 
Mr. J. T. Bastow who has transferred to 
Leeds from Manchester where he previously 
looked after Klockner Moeller interests. 
He has been replaced in Manchester by 
Mr. G. E. M. Mitchell who came to 
Klockner Moeller from Erskine Heap and 
Co. Ltd. 

Mr. H. M. Passer, managing director of 
Klockner Moeller England Ltd., states that 
the object of the company is to have one 
office for every million of the population. 
In this way adequate stocks can be held 
at sufficient centres around the country, 
full technical service can be provided at 
the shortest possible notice, and speedy 
delivery to customers ensured. 

As a result of the growth of the business 
the London office of Computer Con- 
sultants Ltd. has been transferred to a 
new building. 

The new address is: 

Cecil Court, 
London Road, 
Enfield, 
Middlesex. 
Telephone No. : ENField 7185. 


Smiths’ Mobile Demonstration Unit 
A MOBILE demonstration unit from Smiths 
Industrial Instrument Division has set 
out on a tour of Scotland and the Mid- 
lands. 

Next March, the unit will make a 20-day 
tour of Belgium, Holland and Denmark. 

In the demonstration compartment are 
displayed over 100 instruments. A panel 
at the doorway mentions their functions: 
for measurement of speed, time, distance, 
quantity, pressure, vacuum, displacement 
and temperature. 

At the far end of the compartment is a 
display of Smiths’ internal combustion 
engine protection equipment. This will 


be the first time this series of equipment 
has been shown in many of the areas. The 
series comprises over- and under-speed 
high 


shutdown, and low pressure and 
temperature warning and shutdown. 





Part of the demonstration compartment of 
Smiths’ mobile unit 


Conferences 
The Commonwealth Standards Con- 
ference is the fourth of its kind, and was 
attended by more than 70 representatives 
drawn from the industrial concerns and 
the standards organisations of Australia, 
Canada, India, New Zealand, Pakistan, 
South Africa and the United Kingdom. 
An observer was present from the Insti- 
tute for Research and Standards, Dublin. 
The conferences included three technical 
sessions on steel, air receivers and cranes, 
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and a general session on some of the common 
policy problems facing Commonwealth 
standards organisations. Mr. H. A. R. 
Binney, director of the B.S.I., took the 
chair at the general session, with Mr. F. A. 
Sweet, general manager of the Canadian 


Standards Association, acting as_ co- 
chairman. 
In the general session views were 


exchanged on the problems of certification 
marking and approval schemes in regard 
to administration, control of quality, and 
publicity to promote acceptance of such 
marks and understanding of the indepen- 
dent assurance which they carried 

In regard to the problems of inch and 
metric measures, procedures were dis- 
cussed to reduce the inconvenience caused 
by the existence of the two systems and 
to achieve the maximum interchange- 
ability of goods through the adoption of 
corresponding inch and metric sizes and 
standards. 

Progress in the various Commonwealth 
countries on standards for consumer goods, 
for which the demand is growing in all the 
countries, was reviewed. It was felt that 
the raising of quality levels for consumer 
goods with accompanying publicity was a 
factor in promoting standardisation as a 
whole. 

Kent International Conference. This 
conference lasted four days. 

From the introductory to the closing 
session, both of which were under the 
chairmanship of Commander P. W. Kent, 
R.N., there was a very heavy programme 
of discussions projected for the freest 
expression and examination of views on 
all matters technical and marketing. 
These discussions were preceded by a 
review of company policy; also dealt 
with were future plans in relation to the 
company’s whole range of industrial 
instruments, meters and automatic con- 
trollers in the home and export markets. 

Attending the conference were members 
of the Kent sales organisation from 
Canada, Australia, South Africa, Malaya, 
Thailand, Belgium, Germany, Austria, 
Spain, Eire, France, Czechoslovakia, 
Holland, Sweden, Norway, Italy and South 
America, in addition to U.K. area repre- 
sentatives. 

The conference was also attended by 
members of the Board of Directors of the 
parent company, together with senior 
research development, production, service 
and sales engineers. 


Air Trainers Link Change of Name 
THE new name of this company is General 
Precision Systems Ltd. The company will 
continue to design and manufacture flight 
simulators and industrial control com- 
puters. 


Thermionic Oscillators 


Tus is the title of the first of a new 
series of educational filmstrips and is 
available from the distributors, Unicorn 
Head Visual Aids Ltd., 42 Westminster 


Palace Gardens, London, S.W.1. The 
second in the series deals with non- 
sinusoidal oscillators and it will be 


followed by others covering the subjects 
of modulation and transmission. 
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EXPORT NEWS 


Evershed and Vignoles Ltd. Canadian 
Organisation 

EVERSHED & VIGNOLES LIMITED announc? 
the re-organisation and enlargement of 
their Canadian activities by the formation 
of a new company which is to be known as 
Evershed-Powertronic Ltd. The company 
will operate from Toronto and will pro- 
vide a complete coast-to-coast specialist 
sales and service organisation for the 
installation of automatic electronic con- 
tro] equipment. 

The ranges of ‘‘Megger’’ insulation 
testers and other electrical testing instru- 
ments manufactured by Evershed & 
Vignoles Limited will continue to be 
handled in Canada by R. H. Nichols Ltd., 
who have sole rights. 


Mullard Equipment Limited to Build 
Linear Accelerator for Australian 
Hospital 

A 4-million electron-volt linear accelerator 
for X-ray treatment of deep-seated 
tumours is being built in this country by 
Mullard Equipment Ltd. for the Cancer 
Institute Board of Victoria. Valued at 
£60,000, it will be installed at the Board’s 
Peter MacCallum Clinic in Melbourne in 
the middle of next year. The contract 
represents the fourth medical linear 
accelerator to be built by the company, 
the first three having been for U.K. 
hospitals. 

The accelerator will give an X-ray 
output more than ten times greater than 
that of a normal 250 kilovolt therapy 
machine, and will enable treatments to be 
given at the rate of 60 a day—about three 
times the number possible with the con- 
ventional apparatus. 


Steam Power Station for Mexico 
THE BriTISH THOMSON-HouSTON EXPORT 
Company has received an order, worth 
about £675,000, to construct and equip 
a complete steam power station for the 
Federal Electricity Commission of Mexico. 

The station will be built at Juchitan 
in the state of Oaxaca, and is to be in 
commission early in 1961, supplying 
electricity to an area on the Pacific Coast. 

Generating plant will be manufactured 
by A.E.I. turbine-generator division at its 
factories in Rugby and Glasgow. 

Two boilers are to be supplied by Inter- 
national Combustion and cooling towers 
by Film Cooling Towers. 


Radio Telephone Link 


STANDARD TELEPHONES AND CABLES has 
been awarded a Republic of Ireland con- 
tract for the supply and installation of a 
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microwave telephone radio link between 
Galway and Athlone. 

At Athlone, the Galway trunks will be 
interconnected on a through super-group 
basis to the existing S.T.C. coaxial cable 
system to provide direct Galway-Dublin 
trunks. 

The new link will be in operation during 
1960. 


Simmonds Aerocessories Ltd. Swedish 
Offices 


NEw offices in Stockholm have just been 
opened by Simmonds Aerocessories A.B., 
a member of the Firth Cleveland Group. 
The opening ceremony was performed by 
Mr. Cullen, British Commercial Secretary 
for Sweden, in the presence of Mr. C. W. 
Hayward, chairman of Firth Cleveland 
Ltd., and Mr. A. P. H. Pehrson, executive 
director of Simmonds Aerocessories Ltd., 
in charge of export sales. The ceremony 
was attended by leading Swedish custo- 
mers of the firm and by representatives of 
the Swedish Press. 


Ferranti Order from New York 
Company Exceeds $jm. 

AN order exceeding $}m. has been placed 
with Ferranti Ltd. by the Anaconda Wire 
& Cable Company of Hastings-on-Hudson, 
New York, for what is believed to be the 
largest high voltage a.c. cable testing set 
yet built by a British manufacturer. 

The order covers the supply of a 
14,000 kVA, 250,000 volts a.c. cable 
testing set capable of supplying 55 amp 
for approximately 2 hours. 
transformer unit is also included which, 
wHen connected in cascade, will give an 
output of 500,000 volts at 6 amp con- 
tinuously. 

The equipment will be designed for 
controlled series resonant operation for 
both 250,000 volts and 500,000 volts by 
means of continuously variable moving 
coil reactors. Two step-up transformers, 
one feeder transformer, two moving coil 
reactors and control desk comprise the 
complete equipment. 

Recently Ferranti 


Ltd. supplied to 


Anaconda a 300,000 volts, 2,400 kVA_ 


testing equipment for research and 
development work; the new and much 
larger equipment is intended for routine 
testing of cables. 


Perseus for South Africa 


Sir GILBERT RENNIE, High Commissioner 
for Rhodesia and Nyasaland, 


at Manchester on Thursday (10th Septem 


ber), where he inspected a Perseus elec- 
tronic data-processing system which was 
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That’s right! You can find 
innumerable uses for these 


versatile couplings. There are 
special types for copper tub- 
ing. . . plastictubing. . . and 
also copper—and—plastic tub- 
ing. Even steel and bundy 
tubings are catered for. 


There are joints for every bend 
and junction. Tee joints — 
Elbow joints — Banjo and 
Cross joints. Whatever the 
problem, WADE can straight- 
en it out with their couplings. 


There are joints for all stand- 
ard sizes. And — if you need 
a special job, WADE will 
make it for you. See for your- 
self how effective these coup- 
lings are by trying one out in 
your own workshop. Just 
state size and type required— 
it will be sent with pleasure. 


WADE COUPLINGS LTD. 


270 High Road, Ilford, Essex 


Tel: ILFord 1185-6-7 
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150 mV 
per revolution 


Output—I50V +1% into 30,000 ohms at 1,000 r.p.m. 
Linearity—Better than 0-5% up to 3,000 r.p.m. 


Peak to Peak Ripple Content—Less than 14% at 24 times 
rotational frequency. 


Temperature Co-efficient—-025% °C. 

Fitting Diameter—Std. 3” Magslip frame (2-875 dia.) 
Length—6 7,” 

Weight—43 Ibs. 






G3/150 series 





With a new approach 


to tacho design, L.S.E. can now produce this 
tachogenerator with exceptionally high 
output. Ideal for systems where low speeds 


make speed control difficult. 


L.S.E. make an extensive range of tachogenerators, magslips, 
servo-motors, etc., and in Norwich a department is equipped for 
the development of special apparatus for Industry and the Services. 


Details of the full range of L.S.E. 
instruments are available from: 


LAURENCE, SCOTT 
& ELECTROMOTORS 


LTD. 


INSTRUMENT DIVISION 


OPENSHAW, MANCHESTER 
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Ultrasonic automatic inspection rig 














undergoing final acceptance tests before 
being shipped to South Africa. Costing 
over a {4m., Perseus will be installed in 
the South African Mutual Life Assurance 
Society building in Cape Town, where it 
will be used for maintaining nearly a 
million of the Society’s policy records. 

In order to carry out this work on the 
computer, a complete description of every 
policy will be stored on magnetic tape. 
The description will contain all the 
information necessary for the various 
applications, including name and address 
of the policy holder and surrender value 
of the policy. 

South Africa is the first Commonwealth 
country to use a Perseus and when in- 
stalled it will be the largest data-processing 
system in the southern hemisphere. 


Automatic Ultrasonic Inspection of 
Aircraft Engine Turbine Discs 

THE ULTRASONOSCOPE Co. (LONDON) 
Ltp. have just delivered to India the first 
automatic test rig for the ultrasonic 
inspection of turbine discs. This is the 
first unit of its kind to be supplied to that 
country. 

The rig comprises an immersion tank 
in the bottom of which is a turntable to 
carry the components being tested. The 
turntable speed is continuously variable 
from 0 to 20 r.p.m. A gantry carrying a 
probe manipulator traverses the length 
of the tank. The drive to the gantry is 
linked through a gearbox to the turntabie 
so that it advances one step (adjustable 
between 1/64th in. and 4 in.) for each 
revolution of the turntable. 

In operation the disc under inspection 
is rotated on the turntable under a probe 
which moves in radial steps to cover the 
whole surface to be inspected. The 
presence of a constant thickness of 
couplant (e.g., water or paraffin) between 
the probe and the disc ensures that steady 
and reproducible results are obtained and, 
since there is no mechanical contact 
between the probe and the disc, probe- 
wear is eliminated. 

Experience has shown that the inspec- 
tion by the immersion technique often 
requires the ultrasonic beam from the 
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probe to be directed other than normally 
into the disc. At the same time the probe 
may have to be lifted, lowered or rotated 
about its axis. The manipulator performs 
all these movements to high accuracy by 
remote scale controls which are grouped 
together at the front of the gantry. 


Sweden’s Radar Defence System 
SWEDEN is to have an air defence system 
embodying new automatic electronic 
techniques which, it is claimed, will make 
it far more effective than any other in 
existence today. 


The heart of the system is a very high 
speed computer which solves a_ large 
number of interception problems sirul- 
taneously and enables the defence weapons 
—fighters, guided missiles and other anti- 
aircraft devices—to be brought into action 
at precisely the right instant. Black-and- 
white colour television and automatic 
information-dissemination techniques also 
play an important part in the system. 

The initial contracts for the design and 
supply of the electronic equipment, which 
are to the approximate value of £1,500,000, 
have been awarded to Marconi’s via their 
Swedish associates, Svenska’ _ Radio- 
aktiebolaget. 

In the Swedish Air Defence System 
radar equipments of various types are used 
to detect and identify enemy raids, pro- 
viding full positional and height informa- 
tion, whilst automatic tracking methods 
are employed to render the system proof 
against disorganisation by saturation 
attacks. The relevant data is stored in an 
electronic memory or information bank, 
using digital techniques, and is con- 
tinuously revised and brought up to date; 
the computer uses this information in its 
interception calculations and reduces the 
human element, with its fallibility in 
judgment, to a minimum. 

Effective co-ordination of all types of 
defence weapons is achieved by vesting 
the overall responsibility in one senior 
control executive who, via his specialist 
staff officers, can allocate targets for 
destruction by the most appropriate 
weapon. This welding of all elements of air 
defence is one of:the primary advantages 
of the extremely comprehensive radar 
data handling system devised by Mar- 
coni’s. 





FORTHCOMING MEETINGS 


. 3rd. The Institution of Produc- 

tion Engineers. Huntley & 

Palmers Ltd., Gasworks Lane, Read- 

ing, at 7-30 p.m. ‘‘Quality control.”’ 

F. Nixon. 

4th. The Society of Instrument 

Technology. Fawley Section. Ad- 

ministration Building, Esso Refinery, 

Fawley, at 5-30 p.m. “Remote 

supervisory control and plant moni- 

toring.’’ L. S. James. 

7th. The Society of Instrument 

Technology. South Yorkshire 

Section. The University, St. George’s 

Square, Sheffield, 1, at 7-0 p.m. 

“Electro - magnetic flow meters.”’ 

L. M. Bennett. 

Dec. 8th. The Society of Instrument 
Technology. Manchester Section. 
Central Library, St. Peter’s Square, 
Manchester, 1, at 6-45 p.m. ‘‘Instru- 
mentation of the Dounreay reactor.”’ 
K. R. Sandiford. 

Dec. 9th. The Society of Instrument 

Technology. Bristol Section. Uni- 

versity of Bristol, The Royal Fort, 

Bristol, 8, at 7-30 p.m. ‘‘New instru- 

ments for old processes.’’ A. E. 

Hidden. 

10th. The Society of Instrument 

Technology. Tees-side Section. 

Cleveland Scientific and Technical 

Institute, Corporation Road, Middles- 

brough, at 7-30 p.m. ‘Practical 


Dec. 


Dec. 


Dec. 
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applications of strain 
weighing.”’ E. I. Lowe. 
10th. The Society of Instrument 
Technology. Liverpool Section. 
M.A.N.W.E.B. Industrial Develop- 
ment Centre, Paradise Street, Liver- 
pool, at 7-15 p.m. ‘‘New simple 
transistorised industrial instru- 
ments.”’ A. Green. 

lith. The Society of Instrument 
Technology. Midland Section. The 
Gosta Green College of Technology, 
Aston Street, Birmingham, at 
7-0 p.m. ‘‘Radioactive isotopes in 
industry.’’ W. G. Busbridge. 

15th. The Institution of Electri- 
cal Engineers. Measurement and 
Control Section. Savoy Place, 
London, W.C.2, at 5-30 p.m. ‘Data 
handling problems in atomic installa- 
tions.’’ Discussion opened by D. 
Taylor. 

16th. The Society of Instrument 
Technology. Control Section. Man- 
son House, 26 Portland Place, 
London, W.1, at 7-0 p.m. “Random 
inputs and load variations.’’ J. F 


gauge 


Dec. 


Déc. 


Dec. 


Dec. 


Coales. 

Dec. 17th. The Society of Instrument 
Technology. Chester Section. 
Grosvenor Museum, Chester, at 
7-0 p.m. ‘‘Cost control in instrument 
engineering.” S. Sheridan and J. 
Reed. 
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We can manufacture 
and supply Pressure 
Gauges from 1: dia. 
to 24 dia. In ranges 
of pressyres from 5 
to 20,000 Ibs sq. in. 


We have a wide range of Full details of Types are contained 
Pressure, Vacuum Altitude, in our Catalogue which is available 
Compound, Combined Alti- °" Teqvest: 

tude and Pressure and Tem- 
perature Gauges. 








BIRMINGHAM 6 
ENGLAND 
Full details from Branch{Office INDUSTRIES LTD 


JOSEPH .TOMEY & SONS Catherine Street, Aston, Birmingham, England 
Telephone : East 1786 P.B.X. 


THE PERTH-O-METER 


is the most comprehensive SURFACE ROUGHNESS Measuring Instrument made up to now. It measures not only C.L.A. 


but provides the right answer to every surface roughness problem by measuring also maximal depth, P.V.A., percentage 
bearing area, depth of smoothness, etc 

















Magnification up to 
100,000 and graph recorder 
with up to 16 various 
speeds. 


The new Workshop models 
with portable measuring 
head are now available in 
this country with short 
delivery. 


Tracer systems for all 
special purposes, including 
radius attachments, etc. 





The Perth-o-Meter is a true length measuring instrument and not a comparator crystal instrument. 


Sole Agents for Great Britain: 


RUBERT & CO. LTD 


ACRU WORKS, DEMMINGS ROAD, CHEADLE, CHESHIRE. Telephone No. Gatley 5855 
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PERSONALITIES 


Audco Annin Sales Representatives 


Audco Annin Products Division of 
Audley Engineering Company Limited 
have appointed Mr. M. Waterson as their 
North-Eastern Area technical sales repre- 
sentative, based on Billingham, Co. 
Durham, and Mr. K. Lee as their North- 
Western Area technical sales repre- 
sentative, based on Marple, Cheshire. 


Mr. C. Dee 

Mr. C. Dee, for 28 years with Hall 
Telephone Accessories Limited and Asso- 
ciated Automation, has been elected to the 
board of Associated Automation Limited, 
one of the companies of the Elliott- 
Automation Group. 

Mr. Dee is a Fellow of the Royal Society 
of Arts, a member of the National 
Advisory Council for Education for 
Industry and Commerce, a member of the 
London and Southern Counties Regional 
Advisory Committee for Higher Tech- 
nological Education and a Governor of the 
Christopher Wren School. He was for five 
years a member of the Council of Industrial 
Design and is a past president of the 
Association of Engineering and Ship- 
building Draughtsmen. 

Mr. Dee joined Hall Telephone Acces- 
sories Ltd. in 1931 and became com- 
mercial manager of Associated Automa- 
tion when Hall Telephones joined that 
company in 1955. 


Mr. S. N. Griffin 


Teddington Industrial Equipment Ltd. 
announce the appointment of Mr. S. N. 
Griffin as sales and service engineer in 
Scotland. 

Mr. Griffin can be contacted at his home: 

7 Elm Terrace, 
Load Head, 
Edinburgh, 

Telephone No.: Load Head 398, 
in connection with all matters appertain- 
ing to automatic controls for heating, 

entilating and air conditioning, engine 
protection and pneumatic gauging. 


Air Trainers Link Board Changes 


Air Trainers Link Limited announce 
that the chairman of their board of 
directors, Mr. J. M. Wallace, has relin- 
quished his office in order to reduce his 
commitments. 

Air Chief Marshal Sir John Baker, 
G.B.E., K.C.B., M.C., D.F.C., has been 
elected to the board of A.T.L. Limited and 
has been appointed chairman of the board. 
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The following have also been elected 
directors of the company: 

Lieutenant-General Sir Frederick 

George Wrisberg, K.B.E., C.B., and 

Mr. J. W. Murray, chairman of the 

General Precision Equipment Cor- 
poration of New York. 


Mr. R. M. Brown 


After more than 21 years’ continuous 
service with Airspeed Limited and the de 
Havilland Aircraft Company Ltd., Mr. 
R. M. Brown is taking up the appointment 
of project engineer with Saunders-Roe 
(Helicopter Division). 


Mr. J. E. Coleman 


Mr. John E. Coleman, M.I.E.E., has 
relinquished his directorship and major 
share-holdings in Spesco Developments 
Limited which will in future be controlled 
by Imperial Chemical Industries Limited. 

Mr. Coleman became interested in the 
possibilities of polythene and allied plastic 
films for the packaging industry just after 
the war, when it was extremely difficult 
even to obtdin experimental samples. 
This pioneering work and financial support 
from Mr. Coleman enabled  Spesco 
Developments Limited to become the 
largest suppliers of plastic film for 
packaging containers in Britain. 

Mr. Coleman has relinquished his 
interest in order to devote his full atten- 
tion to the interesting developments of the 
Gresham Lion Group in the field of auto- 
mation, and automatic process controls in 
particular. Mr. Coleman is utilising the 
proceeds of the sale of his interest in what 
he considers to be another pioneering 
field, which has very great possibilities 
during the ensuing decade. 





Dr. N. Loveless 
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Myr. F. G. T. Howard 


Dr. N. Loveless 


Dr. Norman Loveless, who is a lecturer 
in psychology at Queen’s College, Dundee, 
has been appointed as a consultant to 
Smiths Aircraft Instruments Limited. 

The growing application of experi- 
mental psychology to equipment design 
has from the first been closely associated 
with the problems of aircraft instrumenta- 
tion, since it was recognised during the 
last war that the pilot’s ability to respond 
quickly and accurately to the information 
with which he was presented could be 
improved by scientific study of his 
capacities and limitations. With the 
increasing speed of modern aircraft, this 
task has become still more urgent. Dr. 
Loveless has been engaged for some time 
in research in this field, and will advise 
Smiths in the light of the considerable 
body of knowledge which has been built 
up over the past fifteen years. 


Mr. F. G. T. Howard 


Mr. F. G. T. Howard has joined the 
staff of the British Central Electrical 
Company Limited as personal assistant to 
the managing director. 

Mr. Howard, an electrical engineer, 
spent seven years with Enfield Cables 
Limited. 


Dr. P. Partos 


Dr. Paul Partos, formerly chief engineer, 
Panellit Limited, has joined Honeywell 
Controls Limited. He will supervise 
engineering design for the company’s 
rapidly growing data processing activities. 


Mr. C. G. Hill 


The London Electric Wire Co. and 
Smiths Limited announce the appoint- 
ment of a new London branch manager. 
Mr. A. Calley, their present branch 
manager has taken up a senior appoint- 
ment with the Siemens Edison Swan 
Group and they have appointed Mr. C. G. 
Hill to succeed him. Mr. Hill has been 
with the L.E.W. Company for 34 years— 
22 of which were spent at their Leyton 
Works, where for some time he was 
assistant to the sales manager. He joined 
the outside staff at London branch in 
1947. 

/ 

Mr. T. E. Goldup 

Mullard Ltd. regret to announce the 
sudden death at his home on Tuesday, 
6th October, of Mr. T. E. Goldup, a 
member of the Mullard board. 





Dr. P. Partos 
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urer THERE OUGHT TO BE ANOTHER NAME 




















idee, 
ade: So many people think that a microscope 
peri- is only at home in the shelter of the 
2sign 


jated Laboratory. 
snta- 
the 
pond | BUT THESE ARE MICROSCOPES — and very 
e fine ones, new precision tools designed 
bee for industry. Made for the machine shop, 
us 
Dr. the assembly bench and the inspection 
time 
dvise room, bringing graphic, three-dimen- 
rable 
built sional vision to bear on every problem of 
precision. Widely adaptable to suit every 
1 the need, strongly constructed for a long life 
trical of continuous service. 
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ineer, 
ables Our List 6E gives all the 


details. May we send a copy? 
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<< | W. Watson & Sons Ltd., Barnet, Herts. 


vities. 





All types 
eyton of Synthetic 
) Sapphire 
Instrument 
Bearings 


Also suppliers 
of diamond saws and waxes for the 
crystal cutting industry. 

Specialists in the cutting to length of 
small glass tubing up to }” diameter. 


FRee LEE & COMPANY (coventry) LTD 


DOVER STREET - COVENTRY Telephone: COV 64433 
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PRECISION 
GLASS 
MOULDERS 
FOR 
25 YEARS 













The 
ENGLISH 
GLASS CO. LTD. 


EMPIRE ROAD 
LEICESTER 
Phone 23481/2 


¢ | 
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FBC 
MINIATURE 
BEARINGS 


range in size from |°5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindleextensions, 
ranging from 0°25 to 2 mm. 
Full particulars and sizes are 
available on application. 


The bearings illustrated 
are actual size. 


ALL- F.B.C. FISCHER 
BRITISH Regd. Trade Marks 


FISCHER BEARINGS CO. LTD. WOLVERHAMPTON 
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RECORDER CHARTS LTD. 


THE CHART DIVISION OF THE INSTRUMENT INDUSTRY 


Clyde Vale, Dartmouth Road, London. S.E. 23. 
TEL. FOR. 7624/5. TELEGRAMS: VERIGRAPH, FOREST. LONDON. 








HIGH RESOLUTION 
RECORDING 
A.R.L. tree SE’ 


THIS INSTRUMENT WILL RECORD, 
FOR ANALYSIS TO 1%, 50 C.P.S. 
AT 8’/SEC. AT AN AMPLITUDE 
OF -08”. 





FILM 35 MM. PERFORATED OR 
UNPERFORATED. 

CAPACITY 30 FT. 

9/10 CHANNELS. 

DATUM TRACE. 

TIME MARKER. 


TRACE IDENTIFICATION BY 
TRACE BREAK OR COLOUR FILM. 


D.c. P.M. MOTOR 3 - 75 VOLTS. 
5 SPEEDS, 4” TO 8”/SEC. 

SELF OPENING DAYLIGHT 
CASSETTES. 


FOOTAGE INDICATOR. 

SPOT SETTING GRATICULE. 
A.R.L. MIDGET GALVANOMETER. 
NATURAL FREQUENCY RANGE 
60, 100, 108, 125, 250 C.P.s. 
ACCESSORY NEON EVENT 
MARKER. 

[mp 6 SIZE 84” x 44” x 23”. 

WEIGHT 73 LBS. 


WOODHILL ENGINEERING CO. LTD., 


TROUT ROAD, YIEWSLEY, MIDDLESEX 
TELEPHONE: WEST DRAYTON 3168 & 2892 
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Precision 
Eleetrical Measuring 


Instruments 


BY 


Ernest Turner precision-built elect- 

rical measuring instruments give absolute 
accuracy, dependability and ease 

ofreading and keeping pace with the ever 
widening field of electronics, Ernest 

Turner Electrical Instruments offer 

a wide range of instruments to 

meet specific requirements and individual 
applications. For more than 35 

years, in this couutry and in many 


parts of the world, wherever there has 





been a job of precise electrical 
measurement to be done, the choice has 


been Ernest Turner instruments 














Ernest Turner Electrical Instruments Ltd. HIGH WYCOMBE - BUCKS + ENGLAND 
Telephone: High Wycombe |301!-2-3 Cables: Gorgeous, High Wycombe 
NOVEMBER 1959 INSTRUMENT PRACTICE 1179 
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ELECTRIC WAVE FILTERS 





° 


an mee S22. 87 Oo 23 5° 


FREQUENCY cvs 
The curve illustrates typical 
high pass filter characteristics 


%* LC and RC filters based on modern theory, 
techniques and components 


% Low or high pass, band pass, or band stop 
filters can be designed to individual perfor- 
mance specification 


BARR & STROUD LTD. 


London Office: 
Kinnaird House 
| Pall Mall East, S.W.1 


Registered Office and Works: 


ANNIESLAND 
GLASG OW, W.3 
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The DURAMET metal photo 
stencil screen is an all-metal unit 
consisting of a metal stencil 
bonded to metal gauze. It is 
equally effective for printing on 
metal, plastic, wood, and paper 
and gives results previously 
thought to be technically im- 
possible. 


MAIN FEATURES OF DURAMET 

@ many times the usual stencil life 

@ consistent fineness of detail 

@ complete freedom and choice of inks and washes 

@ dimensional stability @ thick and thin deposits 


N. M. ROTHSCHILD & SONS 


Please ol ROYAL MINT REFINERY 


ill 19 ROYAL MINT ST., LONDON, E.! 
ROYal 7061 

















(Besar 
STEREOSCOPIC BINOCULARS 









The many applica- 
tions in industry and 
science for which this 
type of microscope is 
suited are fully ex- 
plained in a booklet, 
post free on appli- 
cation. 


R. « J. BECK LTD. 








69-71 MORTIMER STREET, LUNDON, W.| 





CLASSIFIED 
ADVERTISEMENT 


If you want to emphasise your firm’s services or 
equipment; if you wish to advertise a vacant situa- 
tion, buy or sell equipment, the Classified Advertise- 
ment columns of “INSTRUMENT PRACTICE” will 
prove a valuable medium for your announcement— 
and bring results quickly. 


SITUATIONS WANTED - 4d. per word, minimum 6/- 
SITUATIONS VACANT - 6d. per word, minimum 10/- 
CAPACITIES AVAILABLE- 6d. per word, minimum 10/- 
SERVICES AVAILABLE -—- 6d. per word, minimum 10/- 
BUSINESS OPPORTUNITIES 6d. per word, minimum 10/- 


Rates for other advertisements may be had on applica- 
tion to: 


Classified Advertisement Dept., 
INSTRUMENT PRACTICE 
9 Gough Square, London, E.C.4 
Telephone: Fleet Street 3172 
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by 


STANLEY 


Planimeters 


Send for Catalogue No. IP58 | 
and 
tell us your requirements 


Head Office: 
NEW ELTHAM, LONDON, 5S.E.9 


Head Showrooms: 
70-80 High Holborn, London, W.C.|! 


Branches: 


w. F. STANLEY & Co. LIMITED 13 Railway Approach, London Bridge, S.E.! 


Phone: ELTham 3836 Grams: “Turnstile, Souphone’’ London 52 Bothwell Street, Glasgow, C.2 
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A Course in Industrial Instrument Technology 
by 
J. T. MILLER, 
B.Sc., F.Inst.P. 


This Course, which appeared originally as a serial in the technical journal, Instrument Practice, is the first of its kind 
to be published from British sources. 


So great has been the demand for reprints of Mr. Miller’s Course in Industrial Instrument Technology that the suppty 
was soon exhausted, and a more convenient new edition, produced by the photolitho process, and bound in stout 
paper covers is now available. 


Contents 
I Basic Elements or Mechanisms. X Electrical Methods. 
II Diaphragms. XI_ Electrical Methods (continued): Resistance Ther- 
III U-Tube Manometers. mometers. 
IV Flow Metering Elements for Fluids in Pipes. XII Radiation Temperature Measuring Instruments. 
V_ Flow Metering Elements for Fluids in Pipes XIII Humidity Measurement. 
(continued). XIV Industrial Electronic Instruments for the 
VI Measuring Instruments for Differential Flow Measurement (and control) of Temperature, 
Elements. Pressure, Flow, etc. 
VII Flow Measurement: Integration from Differen- XV_ Electronic Instruments (continued). 
tial Pressure Instruments. XVI Automatic Control. 
VIII Area Meters: Rotameters and Flowrators. XVII Automatic Control (continued). 
IX Anemometers, Electrical Flow Meters and XVIII Automatic Control (concluded). 


Quantity Meters. 
Price 20/- (post free) 


UNITED TRADE PRESS LTD., 9 GOUGH SQUARE, LONDON, E.C.4 
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tisements, 6d. per word, 
advertisements at tariff rates. 







be made the Proprietors will not hold th ves r 


All advertisements must be PREPAID. Situations Want 
ini of 10s. Semi-displ 


Box Numbers count as four words. 
to Box Numbers must be addressed to Instrument Practice, 9 Gough Square, Fleet Street, London, E.C.4. 

The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think proper 
to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but should an error 


adver 4s. per line. Minimum £2. Display 
Replies forwarded Is. extra. Replies 
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26 King Street, London, 


OFFICIAL APPOINTMENTS 
ELECTRONIC ENGINEERS 


required for development, planning, manufacture or inspection of 


GUIDED MISSILE AND OTHER ELECTRONIC EQUIPMENT 
BY 
MINISTRY OF AVIATION 
at BLACKBURN, Lancs., LONDON and OTHER LOCATIONS 
EXCELLENT CAREER PROSPECTS 
Posts in Professional Engineer, Basic Grade 
Starting Salary £780—£1,300 p.a. according to age and location 
Opportunities for established appointments arise 


Engineering apprenticeship or equivalent and corporate membership of Institution 

of Electrical Engineers, or exempting qualification, required. Experience of 

modern electronic practice in communication or radar fields desirable. Knowledge 
of guided weapons practice and servo-mechanisms an advantage. 


Forms from M.L.N.S. Technical and Scientific Register (K), 
S.W.1, 


quoting D.478/9A/LL.D. 












SITUATIONS VACANT 
WANTED, Representatives for corres- 
pondence abroad, high earnings, written 
instructions. Write, IFD, Vienna 66, Post- 
fach 128. 






























The British Sonceboz Co. Ltd. 
Victoria Road, 
South Ruislip, Middlesex 


We are seeking for our New York 
Office a man capable of selling a wide 
range of movements and components 
for scientific instruments. The 
successful candidate should be aged 
28-35, and should have experience in 
the manufacture or installation of 
electrical and mechanical instru- 
ments. 


The Company is expanding rapidly 
and offers excellent career prospects 
to a man who combines the ability 
to sell with the requisite technical 
experience. 


Apply in writing to the British 


Sonceboz Co. Ltd., Victoria Road, 
South Ruislip, Middlesex. 














ENGINEER required to join development 
*~ laboratory for work on a wide range of 
industrial instruments. Applicants must hold 
degree or H.N.C. in Mechanical Engineering 
or Physics, and have previous development 
experience, preferably in the Instrument 
Industry. Housing available. Please write, 
giving full details, to the Chief Design and 
Development Engineer, K.D.G. Instruments 
Ltd., Manor Royal, Crawley, Sussex. 


JNSTRUMENT ENGINEER MECHANIC 

required by Lancashire Tar Distillers Ltd., 
for their Engineering Department. This will 
be a staff position with membership of pension 
scheme. Canteen available. Applicants 
should have a good experience of modern 
industrial instruments, including both electric 
and pneumatic types. Application in confi- 
dence to Chief Engineer, Lancashire Tar 
Distillers Ltd., Engineering Department, 
Liverpool Road, Cadishead, near Manchester. 


CHIEF DRAUGHTSMAN required; must 

~ be conversant with Admiralty practices 
with regard to gun-control and similar types of 
equipment. This is an important post and only 
applicants with the necessary experience, 
including staff control, will be considered. 
Write Personnel Manager, Evershed & 
Vignoles Ltd., Acton Lane, Chiswick, London, 
W.4, quoting reference 109. 


[NSTRUMENT MECHANIC ‘(fully skilled) 
required at the Sittingbourne Mills of 
Bowaters United Kingdom Pulp and Paper 
Mills Limited, for expanding department 
dealing with the installation and maintenance 
of a wide range of equipment. 

Good conditions and rates of pay— 
opportunity to qualify for a premium of 3d. 
per hour as proficiency pay. 

Applicants must be prepared to work over- 
time, including Sundays—alternative rest day 
arranged. Canteen facilities—Non-Contri- 
butory Pension and Sick Benefit Schemes. 

Applications in writing stating age, 
experience and apprenticeship served to 
Personnel Officer, Bowaters United Kingdom 
Pulp and Paper Mills Limited, Sittingbourne 
Division, Sittingbourne, Kent. 


SERVICES AVAILABLE 


GEARS FOR INSTRUMENTS mass pro- 
duced to customers’ own requirements by 
specialists. THE DAVALL GEAR Co. LTp., Gear 
Works, High Street, Potters Bar, Middlesex. 
Telephone: Potters Bar 2382-3. 


PRECISION ENGRAVING of Instrument 
Panels, Dials, Scales, Nameplates, Labels, 
etc., Plastic Components, “Perspex” fabrica- 
tions. Stockists of ‘Perspex’ acetate, 
Traffolyte, etc. Speedy deliveries on long or 
short runs. A.I.D. and A.R.B. approved. 
Leicester Engravers (Plastics) Ltd., 60 Edwyn 
Street, Leicester. Telephone: Leicester 58375. 





€ ba 
Ucleera 
Crystals 


Unbreakable glasses for watches, 


clocks and instruments. 

Manufacturer of any shape or style of 
plastic transparent cover for protective 
and viewing purposes on all types of 
mechanisms or instruments. 

C.N. BROWNE 
14 Abbotts Road, Cheam, Surrey 
Telephone: Fairlands 3314 











re-silvered or re-aluminised 

promptly to very high standards at 
moderate prices. Front or back silvering 
including heat-resisting silvering, or surface 
aluminising. New mirrors supplied. Over 50 
years’ experience of mirror manufacturing. 
GOwWLLANDs Ltp., Morland Road, Croydon. 
Telephone: Addiscombe 3011. 


MIRRORS 


MAGHINE ENGRAVED SCALES, Feed 
Dials, Panels, Labels, etc., in plastic 
and metal. Excellent delivery. O. H. Kampf 
& Co., 15a Market Square, Crewkerne, 
Somerset.—Telephone: Crewkerne 709. 





DEVELOPMENT OF NEW PROJECTS 


Designing, Drawing, Detailing Prototypes. Small 
quantity manufacture. Special purpose machines. 
Instrument work aspeciality. Inventions worked out 


A. RUNDLE (Upper Norwood) LTD. 


Micro Works, Stoney Lane, Church Road, 
Upper Norwood, London, S.E.19 
Enquiries and quotations invited 

leph LIVi 4682 














THERMOMETERS, Scientific & Industrial, 
Glass and metal components. Enquiries 
to J. McKenzie & Son, 40 Rosoman Street, 
London, E.C.1. Telephone : Terminus 7533. 
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SERVICES AVAILABLE 
(Continued) 





Protection of Drawings 
notices, captions with clear Clerefranz, 
the self-adhesive film, as easy to fix as a 
postage stamp. 

Plastic spiral coils for conduits, etc. 

Telegrade, the plastic telephone cord 
controller. 

Waterproof tubes for golf club 
separators. 

Cross.ey, Eastgate Street, Rochdale. 





AGENCIES 





CONTINENTAL SALES PROMOTER, 
— over 25 years’ experience on the 
t, is looking for additional firms with 
allied but non-competitive lines, so as 
to pool all resources and thereby assure 
a more economical and efficient repre- 
sentation. Write— 
W. F. LECKIE, A.M.1.E.E., M.E.B.R.A., 
55 Bachstrasse, Minden/Westfalen, 
Germany 











PATENTS 


THE Proprietor of British Patent No. 
674031 is prepared to sell the patent or 
to licence British manufacturers to work 
thereunder. It relates to “Improvements in or 
relating to Resilient Cylindrical Diaphragms 
applicable e.g. to Valves’. Address Boult, 
Wade & Tennant, 112 Hatton Garden, 
London, E.C.1. 


BUSINESS OPPORTUNITIES 
[NSTRUMENT Firm with exclusive 
speciality products and excellent clientele 
would like to be absorbed by or amalgamate 
with another firm to relieve present owner of 
exclusive responsibility. Pressure gauges and 
gas detectors. Write BM/LTMQ. 


SPINNINGS — 
IN ALL METALS 


Hydraulic and Flow Spinning Specialising 
for the Electronic and Instrument 
Industries. 





* 
Hydraulic Presswork 
Argonarc & Spot Welding 
* 
E. J. PURDIE & SON LTD. 














TECHNICAL BOOKS 





H. K. LEWIS & CO. LTD. 
invite inspection of their 
stock of books on all branches 
of Science and Technology. 
Catalogues on request. 
Please state particular interest. 





LONDON: 


H. K. LEWIS & CO. LTD. 
136 GOWER STREET, W.C.I 


Telephone: EUSton 4282 (9 lines) 




















B.A SCREWSEre 


SPENCER COMPONENTS 
5 High Street, Birmingham, 14 














-—MACHINE ENGRAVING— 


one off or small batches 


Indexing Dials and Scales divided. 
Instrument Components a Speciality. 


A. RUNDLE (Upper Norwood) LTD. 

















A COURSE IN INDUSTRIAL 
INSTRUMENT 


By J. T. MILLER, B.Sc., F.Inst.P. 
So great has been the demand for reprints 
of Mr. Miller’s Course in Industrial Instru- 
ment Technology that the supply was soon 
exhausted, and a more convenient new 
edition produced by the photo-litho process 
and bound in stout paper covers, is now 


available. 
CONTENTS 
I. Basic Elements or Mech- 
anisms. 


Il. Diaphragms. 

Ill. U-Tube Manometers, 

IV. Flow Metering Elements 
for Fluids in Pipes. 

Vv. Flow Metering Elements 
for Fluids in Pipes (con- 
tinued). 

VI. Measuring Instruments 
for Differential Flow 


Elements. 

VII. Flow Measurement: Inte- 
gration from  Differen- 
tial Pressure Instru- 


ments. 

VIII. Area Meters: Rotameters 
and Flowrators. 

IX. Anemometers, Electrical 
Flow Meters and Quan- 


tinued): Resistance 
meters. 
XII. Radiation 
M 


XIII. Humidity Measurement. 

XIV. Industrial Electronic In- 
struments for the Mea- 
surement (and _ control) 
of Temperature, Pres- 
sure, Flow, etc. 

XV. Electronic Instruments 
(continued). 

XVI. Automatic Control. 

XVII. Automatic Control (con- 


tinued). 
XVIII. Automatic Control (con- 
cluded). 


Price 20/= post free 


Send your order to: 


UNITED TRADE PRESS LTD. 


























You will find this trade mark in practically 
every science laboratory in this country 


F. DARTON & CO. LTD. 
WATFORD, HERTS. 

























49-53 CORSICA STREET, HIGHBURY, N.5. Micro Works, Sto Lane, Church Road, 9 GOUGH SQUARE 
Velaghene: Conediuary 208 — aan FLEET STREET, LONDON, E.C.4 
if i all good. Lens 
you require a good. 5 
Veena 
; HYG 
BAROGRAPH LLMEYER 
HYGROMETER For Single Lens Elements. 
Brees hi Magnifiers, Condensers, 
Achromatic Doublets and 
SPECIFY DARTON or ALTIMETER optical elements used in In- 
CALIBRATOR dustrial Instruments, Research and 


Development Projects—Send your 
enquiries to: 


J. H. DALLMEYER, | Fy BB 


THE LENS SPEC 
WILLESD LONDON - N.W.10 
Willesden 6521-3 


CHURCH END WORKS 
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THE 


E. &H. FILTER CO. LTD. 


Specialists in the production of all types of 


METAL GAUZE FILTERS 
to your own Specifications 








Failure of, or variation 
’ inflow, pressureortem- 
perature is instantly 


recorded by the 


AJAX Gu INDICATOR 


Available in 1” to 6” pipe sizes, screwed or fianged 





MAY WE ADD YOU TO OUR LIST OF CUSTOMERS 
which includes the following famous concerns: 


A.C. DELCO A.E.C. BRITISH OXYGEN B.S.A. CHRYSLER 
DAIMLER MAUDSLEY PARKINSON-COWAN 
PLESSEY RUBERY OWEN S.1.F. VILLIERS 


ASHLEY WORKS, ASHLEY ST., LONG LANE, 
BLACKHEATH, BIRMINGHAM. 
Telephone: BLAckheath 1638 


G}amrorps 


OF STOCKPORT 






F. BAMFORD & CO. LTD., STOCKPORT, 
CHESHIRE Tel.: Stockport 6507-9 























THE INDUSTRIAL APPLICATION 


OF 


pH MEASUREMENT & CONTROL 


by 
D. Colver Nutting, M.B.E., A.R.GS., B.Se. 


In a wide variety of industries the measurement and control of pH is a necessity. Typical 
examples of processes are sugar refining, water treatment, ore flotation, etc. 

The author has given a concise treatment of the subject in the five articles now available as a 
bound set of reprints. The underlying principles are reviewed and the derivation of the pH scale 
explained. Methods of measurement and control are detailed, and the application to a variety of g 
typical continuous processes is outlined. The problem of close control is dealt with by the Author. 

Practical requirements during installation are specified. 


Price 5/- (Post free) 


UNITED TRADE PRESS LTD. 9 Gough Square, London, E.C.4 
, OSS serra er) oF er 
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SPECIFY 


‘<c“sMONITOR” 





“Monitor” Pressure Alarm, Design 9 
WHITE LAMP FOR SAFETY RED LAMP FOR DANGER 


The Indicator Panel is combined for simplicity in wiring and 
erection. The alarm range is adjustable and can be tested 
inservice. For forced lubrication systems, etc. 


C.L. Stokoe Patents Reg. Trade Mark ‘‘Monitor” 





“MONITOR” PATENT SAFETY DEVICES LTD. 


WALLSE ND-ON-TYNE 

















INSTRUMENT 


GEARS 


PRECISION MACHINE CUT 








SPENCER 


COMPONENTS 


HIGH STREET 
BIRMINGHAM - 14 


Telephone 5 
Wepbery 
{35S 


See 
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ACCURATE 
RECORDING INSTRUMENT 
co. 

pressure 
gauges 

for industry 















INFORMATION ~ 
WITH PLEASURE (a 
AVENUE 


RTON, S.W.19 Liberty 5661/2/9 


manufactured under ideal 
conditions backed by . 
years of experience 


and know-how 


INSTRUMENTS 


PRESSURE GAUGES ° THERMOSTATS 


ACCURATE 


INDICATING AND INDICATING ANO 


RECORDING NON-INDICATING 

° VACUUM GaUGEt 

TEMPERATURE . 
CONTROLLER 

IRISH SUBSIDIARY ” 

ARIC (IRELAND) LTO 


6 MONTAGUE ST., DUBLIN 


DIAL THERMOMETERS TEMPERATURE 


RECORDERS PRESSURE CONTENTS 
CONTROLLERS clever 











Good Instruments deserve good Cases! 





Stitched Instrument Cases and Covers in 
leather and cloth, ‘‘made to measure’’, to fit 
your own products—also moulded to give a 
streamlined effect. 


We design for portability, protection, speed 
of use and sales appeal. 





Send us your problems to solve 


Cc. S. LINDSEY LTD. 


CROWN WORKS, GODMAN ROAD, PECKHAM, LONDON, S.E.15 
Telephone: New Cross 4636 

















Circle 77 for further information 
NOVEMBER 1959 


Circle 78 for further information 


INSTRUMENT PRACTICE 1185 









OT 


fl ke he hh 


[OA OA A Se a ee 


-— 


[OA CA CA CAA 


0A ACA CA CAAA 


LILI IO I IR IP PO IPO PO OL LOO Pe OD! 





Circle 79 for further information 
CE OE OE OE ES LE LO LE I OD OL I DD DT DT DD DD DT OD OD LD OI OI I I I I I I EI I I I 


a eae) 


i 


Why G3 


Nalders famous trade mark | 


75 YEARS AGO, in Westminster, the Nalder brothers employed 
nine craftsmen in the making of electrical measuring instruments. 
By 1887 they had been joined by Mr. C. W. Crawley, 
the inventor of the Crawley Automatic Cutout, and 
Mr. Alfred Soames, of the Soames Electric Brake. 


These three names form the trade mark that is famous 
throughout the electrical industry, all over the world. 


Then in 1896 Mr. Ernest Thompson joined the business and three years 
later it was incorporated, becoming Nalder Bros. & Thompson Limited. 





Nalders have 75 years of experience of making 
many types of electrical measuring instruments. 


They all conform to British Standards Specifications for accuracy. 
For quality and finish Nalders set their own unrivalled standard. 





A Check List of some of Nalders Electrical Products 





Ammeters Power Factor meters 
Voltmeters Electrostatic voltmeters 
Wattmeters Phase Sequence indicators 
Vectormeters Contact-making instruments 
Synchroscopes Numerous Protective Relays 
Frequency meters Miniature Circuit-breakers 
Graphic Recorders Earth Proving Supply Switches 


Switchboard Mountings Flush and Projecting, Square or Round in 
Pressed Steel or Aluminium 


Controller Mountings Hoseproof, Flameproof or Standard 


Also Portable, Sector, Edgewise and Hermetically Sealed Instruments 











For Technical Pamphlets, of any product, please write or just telephone: 
Nalder Bros. & Thompson Ltd. e Dalston Lane Works e London E8. 
Telephone: CLIssold 2365 (4 lines) Telegrams: Occlude Hack London 
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Aud 
Avo 


Baili 
Bald 
Bam 
Barr 
Bec! 
Bec! 
Bedi 
Blac 
Blak 
Bou; 
Brit 
Briti 
Brit 
Brya 
Bud 


Cam 
Clar 
Clas 
Cliff 
Cole 
Con 
Cou 
Cros 


Dall 
Delt 
Dray 


Ekcc 
Elect 
Elec 














Accurate Recording Instrument Co. 
Advance Components Ltd. . 
Alexander Controls Ltd. ; 
Audley ‘Sortpation Co. Ltd. 
Avoltd. . 


Bailey Meters & Controls Ltd. 
Baldwin Instrument Co. Ltd. 
Bamford & Co. Ltd., F. 

Barr & Stroud Ltd. 

Beck Led., R. & J. 

Beckman instruments Led. 

Bedford & Son, A 

Blackburn Electronics Ltd. A 
Blakeborough & Sons Ltd., J. 
Bough & Co. Ltd., F. S. ‘ 
British Driver-Harris Co. Ltd. : 
British Rototherm Co. Ltd., The . 
British Sonceboz Co. Ltd. . : 
Bryans Aeroquipment Ltd. 
Budenberg Gauge Co. Ltd. . 


Cambridge Instrument Co. Ltd. . 
Clarke & Co. (Manchester) Ltd., H. 
Classified Advertisements 

Clifford Ltd., Charles . 

Coley Thermometers Ltd. 
Constructors John Brown Ltd. 
Counting Instruments Ltd. . 

Crosby Valve and Engineering Co. Ltd. 


Dallmeyer Ltd., J. H. 
Delta Technical Services Ltd. 
Drayton Regulator & Instrument Co. Ltd. 


Ekco Electronics Ltd. . 
Electro-Hydraulics Ltd. 
Electronic Components 


INDEX TO ADVERTISERS 


Page 
: Elga Products Ltd. ‘ 
1090-1, 1105 Elliott Bros. (London) Ltd. . 
: : English Electric Co. Ltd., The 
1102 English Glass Co. Ltd., The . 
1103 Ether Ltd. i . 
October Fielden Soverenies Ltd. 
October Filhol Led., 
- 1184 Filter Co. tae ‘E.&H,The . 
1180 Firth Cleveland Instruments Ltd. 
1180 Fischer Bearings Co. Ltd. 
1093 Foxboro-Yoxall Ltd. 
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1106 Gowllands Ltd. 
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Harwin Engineers Ltd.. 
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Hoffmann Mfg. Co. Ltd., The 
- FNN3 Honeywell Controls Ltd. 
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‘ stoe Imhof Ltd., Alfred 
1086 Instrument Centre 
1164 Integra, Leeds & Northrup Ltd. 
1092 
Johnson, Matthey & Co. Ltd. 
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- 1094 K.D.G. Instruments Ltd. A 
Kelvin & Hughes (Industrial) Led. 
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Back Cover 
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SCIENTIFIC 





20 QUEEN ANNE STREET 


% Electronic and nuclear instruments 
%* Navigational and survey equipment 
%* Optical and ophthalmic instruments 





i 
INSTRUMENT CGENTRE 


LONDON W.1 


Telephone: IMPerial 6000 Press Enquiries: LANgham 425] 


4 the hin, Lo <vformation 


% Laboratory, medical and X-ray apparatus 
* Instruments for process control and automation 


% Kinematograph and allied instruments 
* All industrial instrumentation 


Space donated by: W. F. STANLEY & COMPANY LIMITED 


INSTRUMENT MANUFACTURERS’ ASSOCIATION 
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COMBENSATING AMPLIFIERS 
BY STERNS! 


The output current of the Compensating Amplifier is directly proportional to the input 
signal (d.c. current or voltage). 

Amplifiers are used for the following applications: 

Wattless amplification of small d.c. voltages and currents of the type appearing in 
the output circuit of chemical and physical active or inactive transmitters. 


Tele-transmission of measured values which can be represented as d.c. voltages or 
currents (temperatures by means of thermocouples or resistance thermometers, mechanically 
measured quantities by means of resistance transmitters). This system is suitable for 
transmission distances of up to 60 miles. 


Constant-Current Source 
The Constant-Current Source supplies a constant direct current of 5 mA and serves for: 
Conversion of resistance values into d.c. voltages at the measuring of temperatures 


by means of resistance thermometers operating in conjunction with a Compensating 
Amplifier. 


Supplying the operating current of resistance transmitters in tele-transmission 
systems. 
Electrical zero suppression in moving coil instruments. 


Supplying the operating current for bridge circuits to which moving coil instruments 
are connected. 


WRITE FOR LEAFLET EK3e 


Cc. T. STERN INSTRUMENTS Compensating Amplifier EK3e 


OTHER INSTRUMENTS MANUFACTURED BY STERNS 


(GREAT BRITAIN) LTD. Strip Chart Recorders. 


> oa  caeamaaes of the Thermo-electric type, range 
21 DEVONSHIRE STREET, LONDON, W.1 Gisowke Temperature Indicators. Temp. On, Off Controllers 





INDEX TO ADVERTISERS (continued) 


Page 


Laurence, Scott & Electromotors Ltd. . ‘ . ‘ ; ; ‘ Rubert & Co. Ltd. 

Lee & Co. (Coventry) Ltd., Fred . P . : 7 F 3 ‘ Rundle (Upper Norwood) Ltd., 

Lewis & Co. Ltd., H. K. . ; ‘ ; , ‘ ‘ 

Lindsey Ltd., C. s. : ‘ ‘ ‘ , ‘ ; ‘ : . 1185 Salford Electrical Instruments Led. : ° 

Londex Ltd. ‘ . - ‘ ‘ ‘ j ‘ é Sangamo Weston Ltd 

Lyons Led., Claude . : , . ; ; ; ‘ ; October Scientific Instrument Manufacturers’ Association of Great Britain, The 
Sifam Electrical Instrument Co. 

Marconi Instruments Ltd... ‘ ; : ; ‘ October Simplifix Couplings Ltd. 

Metropolitan-Vickers Electrical Co. Ltd. ; ; : ; : October Smith & Sons (Nottingham) Ltd., Sydney 

“Monitor” Patent Safety Devices Ltd. . ; ; , ; ; 1185 Solartron Electronic Group Ltd., The . 

Morris (Clerkenwell) Led., John. ‘ : , ‘ F ‘ ‘October Spencer Components . 

Murex Ltd.. ; ; ; ’ : ‘ 1096 Stanley & Co. Ltd., W. F. 

Myford Engineering Co. Led. i i ; ‘ : ? . ‘October Stern Instruments (Great Britain) Led., eT. 
Sunvic Controls Ltd. . 


Nalder Bros. & Thompson Ltd. ; ; , , ; : . 1186 Swartwout Co. Ltd., The 
Negretti & Zambra Led. A , ; ‘ ; ; ; , October 


Newall Group Sales Ltd. F ; ; ; F ; ‘ : October 5 
New Electronic Products Ltd. Taylor Electrical Instruments Ltd. 


: H ; ; ; i y Telegraph Construction & Maintenance ‘Co. Ltd., The 

New Western + ‘ed Led. 4 ‘ < P ‘ - October 
Norgren Ltd., C. A ee a 

k Thermo Control Inst. Co. Ltd. 
Painton & Co. Ltd. . . . : : . , . , October Thompson Instrument Co. Ltd., John 
Payne & Griffiths Led. . . : é f , ; j a . 0 Tomey Industries Ltd. 
He ly Peay ref w. . . . . . . . . . Tomey & Sons, Joseph 
Shaner tp. 40, ea . . : : : : : 04 Turner Electrical Instruments Ltd., Ernest ° . 
Premier Screw & Repetition. Co. Ltd. . ; ‘ t ; ; é : 
Pullin & Co. ltd. RB. : : : United Trade Press Ltd. : * , ; ’ A . 1180, 1181, 
Purdie & Son Led., E. J. ; : ; , ; ‘ ‘ . ; Wade Couplings Ltd. . 
Pye & Co. Ltd., W. G.. . . . . . . . . . Walker, Crosweller & Co. Ltd. 
Pyrotenax Ltd. . . . . . . . . . . October Watson & Sons Ltd., 

Westool Ltd. 2 

Recorder Charts Ltd. . ‘ ‘ . : . P . 1178 Whilems Ltd., C. J. 
Research & Control Instruments Ltd. . ‘ . ‘ ‘ : . tl4 Woden Transformer Co. Ltd. 
Rocol Ltd. : . ’ 4 ‘ . . 1097 Woodhill Engineering Co. Ltd. 
Rotameter Manufacturing Co. Ltd. ‘ 7 ; . ; A . 1166 
Rothschild & Sons, N. M. ‘ ‘ F ’ : , ; . 1186 Zeal Ltd., G. H. 


Taylor Controls Ltd. 


Published by tne Proprietors, United Trade Press Ltd., 9 Gough Square, Fleet Street, London, E.C.4, and printed by Herald Printing Works, York and London. 
Annual subscription rate 50/-, to be sent direct to United Trade Press Ltd., 9 Gough Square, Fleet Street, London &.C.4, England. 





Page 
1175 
1183 


October 
. 1108 


Inset 
October 
October 

1178 


October 





hgh eee 





AEERRESE RAN 
FS 


 ] 








